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PREFACE. 


THIS little work owes its existence to a request made to the 
author to prepare a German edition of Elderhorst’s excellent 
“Manual of Blowpipe Analysis and Determinative Miner- 
alogy.” 

Further consideration showed, however, that a mere trans- 
ation would swell the number of German text-books without 
affording such new views of the subject as would justify 
the addition. Almost all works on blowpipe analysis treat 
in’ great detail the minéralogical part of the subject, and 
devote comparatively little attention to its chemical aspects. 
Yet one might naturally expect that in blowpipe analysis, 
which although much used in the determination of miner- 
alogical specimens is nevertheless a purely chemical method 
of investigation, its chemical character would be kept in the 


foreground, 


These considerations led the author to attenapt a manual of 

blowpipe analysis, in which the subject should be treated 
% * 

entirely from a chemical point of view, and instead of making 


vl 


the desired translation, Elderhorst’s work has been followed 
only in its peculiar and practical arrangement. 


The favourable reception which has been accorded to 
the work thus prepared may justify the hope that Blowpipe 
Analysis will become more useful to the chemist without 


losing any of its value to the metallurgist and mineralogist. 


THE AUTHOR. 


To the foregoing I have to add that I very willingly under- 
took the translation of the work, as the subject is one in which 
I have long been interested. After translating the larger 
portion of the text-book, absence from England prevented my 
proceeding further, when my friend, Mr. W. E. Kay of the 
Owens College, kindly undertook the revision and completion 
of the translation, and the care of the work through the press. 


_ The present English translation contains the author’s latest 
corrections and additions, and has been prifited under his 
personal supervision. Amongst the additions will be found 
the authors Systematic Course of Analysis, an extended 
description of Bunsen’s Flame Reactions, and the Reactions 
with Aluminium Plate proposed by Ross as a substitute for 
charcoal 


JAMES TAYLOR. 


ANTOFAGASTA, April 1879. 
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BLOWPIPE ANALYSIS. 


BLOWPIPE ANALYSIS. 


CHAPTER I. 


APPARATUS AND REAGENTS. 
. 


1. THE blowspipe used for scientific purposes is shown 
in Fig. 1. It consists of three separate parts: a conical 
tube, AB, provided with ,a mouth- 
piece; an air-chamber, C, to retain 4.7 
the moisture of the breath; and a 
side tube, D, terminating in a platinum 
jet, da The parts fit air-tight, and are 
held together by friction alone, so that 
the apparatus can be easily taken to 
pieces. The length of the blowpipe 
is usually about 200 mm., but this 
varies with the *quality of the eyes of 
the possessor. Shortsighted persons 
require 2 shorter blowpipe, whilst for 
the longsighted a longer blowpipe 
is necessary. The platinum jet should 
have an opening of about o4 mm. 
diameter, but a second jet of 0°5 0 
mm. is useful in cases where a ~““s2qaplaeee 
stronger blowpipe flame is required. Fic. x. 
If the hole becomes stopped by soot it can be cleared by 
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heating over the flame of the spirit lamp or Bunsen burner. 
A form of hand blow-pipe in common use in England, 
and known as Black’s blowpipe, is shown in Fig. 2. 





Fic. 2. 
It does not differ essentially from the form above de- 
scribed; the parts usually screw together, and the plati- 
num nozzle can be removed for the purpose of cleaning. 

Both forms of blowpipe are shown provided with a 
trumpet-shaped mouthpiece, which is generally preferred, 
although there is no objection to the oblong form of 
mouthpiece which is also largely used. 

It is often advantageous to use a stand blourpipe, so 
as to leave both hands free to manipulate the substance 
under examination. Such an arrangement is shown in 
Fig. 3. The socket, A, surrounds the ajr-chamber, B, 
of an ordinary blowpipe, whilst the side-tube, D, passes 
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through the slot, C, in the socket. The caoutchouc tube, 
F, replaces the conical tube, AB, shown in Fig. 1. The 
socket is provided with a longitudinal slit, and clips the 
air-chamber with just sufficient tightness to hold the tube, 
D, at any desired inclination ; whilst the whole apparatus, 
being moveable on the stand, G, can be fixed in any 
requisite position by means of the screw, E. 

To relieve the cheek muscles mechanical blowers have 
been devised. Amongst these one of the most common 
is the hand-blower, in which the blast of air is supplied 
by the intermittent compression of a caoutchouc bag, 





FIG. 4. 


which is supplied with the requisite valve to admit air in 
the intervals when the pressure is removed. The air 
passes into an elastic reservoir, its return being prevented 
by the necessary valve, and a constant blast is thus 
obtained. The same principle is also apphed in the 
manufacture of foot-blowers. 

A portable and convenient form of blowpipe stand 
with hand-blower, manufactured by Mr. Fletcher of 
Warrington, is shown in Fig. 4. The blast is supplied 
by the miniature hand-blower, A, similar in construction 
to the foot-blofWer of the same maker, and the stream of 
air is regulated by the tap, a. Connected with this by 
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means of a caoutchouc tube is the stand, B, consisting of 
the blowpipe, ¢, held by a peculiar form of support, com- 
posed of brass rods, connected by knee-joints, 4 8”, 
which permit the blowpipe tube to be varied in height 
and inclination at will. The apparatus is provided with 
a second blowpipe tube, d, the end of which is bent 
round several times, and this becomes heated by the 


“tee yay : «th wom, 





Fic. 5. 


flame when the blowpipe is in use. A 4ot-air blast is 
thus produced, and the temperature of the resulting blow- 
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pipe flame is considerably increased. The apparatus is 
sufficiently small to be used whilst travelling, and it may 
even be put into the pocket. 

The author has devised a very convenient self-acting 
blowpipe apparatus, shown in Fig. 5, which may be 
very readily constructed. It consists of two capacious 
bottles connected by a caoutchouc tube. One of them, 
filled with water, is placed on as high a shelf as can be 
conveniently reached, about a yard and a half being a 
suitable height, whilst the other is provided with a 
cork, bearing a tube communicating with the blow- 
pipe. As the water passes from the upper to the lower 
bottle, the air in the latter is compressed and passes out 
to the blowpipe in a regylar stream. Flasks of four 
liters capacity will supply a blowpipe jet of o°4 mm. 
diameter with a constant stream for ten minutes. : 
After this it is only necessary to change the flasks @ 
in order to continue the current. If bottles pro- VW 
vided with holes near the bottom cannot be 
obtained, ordinary ones can be used by passing 
a tube to the bottom of each bottle, and then 
joining these as before. In this case it is necessary 
to exhaust the*connecting tube, on changing the 
bottles, so as to cause the water to flow. The 
current of air can be regulated by placing a screw 
clip on either of the caoutchouc tubes. 

2. The most convenient blowpipe flame is 
obtained by taking a Bunsen lamp and placing within 
its tube a second tube, cut off obliquely at the upper 
end, and flattened so as to have an mside width of 
from 1 to 2 mm. (Fig. 6). The tube is about 100 mm.e 
long, and, when in use, closes the air-holes of the burner. 





Fic. 6. 
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Unfortunately this flame cannot be employed when 
testing a substance for sulphur, as coal-gas frequently 
contains sufficient sulphur to vitiate the results. 

Next in importance stands Berzelius’ blowpipe lamp as 
improved by Plattner (Fig. 7). This consists of an oil 





Fic. 7. 


vessel, 2, on a stand, ¢, and provided with two openings 
which can be closed by screw-caps, the one opening 
being used for charging with oil, and the other, d, being 
fitted with a burner bearing a flat wick.* Olive oil or 
refined rape oil is burnt. 
A spirit lamp, with flat wick, which, however, must not 
be too small, may also be employed, if the alcohol be 
! mixed with some compound rich in carbon; say, 1 part 
of turpentine or 3 of benzol to 12 parts of the alcohol. 
; Such a lamp gives a high temperature, and does not 
require trimming so often as an oil lamp. 
A candle-flame will serve for most experiments, but 
is attended by the inconvenience that the candle is con- 
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stantly decreasing in length. Thick stearin candles, the 

‘so-called carriage candles, are employed, and the wick is 

bent in the direction in which the blowpipe flame plays. 
Gas blowpipes are made, in which 

the lamp and blow-pipe are combined. 

The jet tube is surrounded by another &—""""" 

tube, and the gas is passed into the i 

space between the two. The air and 

gas mix near to the open mouths of 

the two tubes, and the flame produced 

is oxidizing or reducing accowding as 

much or little air is mixed with the 

gas. Fig. 8 shows a common blowpipe, and Fig. 9 a 

stand blowpipe with this arrangement. 





fig. 8. 





3- Charcoal, platinum, and glass are the principal sub- 
stances used as supports before the blowpipe. 

Of these charcoal is the most important on account of ° 
its low heat-conductivity and its reducing power. That 
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from light woods, such as fir, is the best; it must be well 
burnt, and should neither smoke nor give off sparks. 

It is sawn into pieces about ro cm. long, 3 cm. wide, | 
and 2 cm. thick, and only that side should be used which 
shows the rings of growth. 

As a substitute for charcoal may be used the so-called 
plastic-porous charcoal (plastisch-porise Kohle), which is 
produced on a large scale. This can also be prepared | 
by working up charcoal powder to a plastic mass with 
starch paste, moulding into shape, drying, and then heat- 
ing in a closed crucible to faint redness, in order to 
decompose the binding material. 

As another kind of substitute for charcoal, aluminium 
plate may be advantageouslyeemployed. A piece about 
5 inches long, 114 inches broad, and of the thickness of 
a sixpenny piece is taken, and one end is bent up so as 
to form a ledge 34 of an inch deep, at a slightly acute 
angle to the body of the plate. On to this plate a small 
piece of charcoal, about 14 an inch square, and rather 
thicker than a penny-piece, is laid, upon which the sub- 
stance under investigation is brought. The plate may be 
cleaned by means of wash leather with bone-ash and 
water, and lasts for a long time. 

Flatinum, which in the form of wire is very frequently 
used, 1s preferable to charcoal in oxidation tests as it 
exerts no reducing action, and the colour of beads can 
be more easily seen. Platinum wire, of the thickness of 
horse hair, is cut into pieces about 8 cm. long; one end 
of each piece is then bent into a small loop to serve 
as support to the flux to be used. Smaller pieces have 
one end fused into a drawn-out glass tube» which serves 
as handle. U-shaped loops, which are mainly used, form 
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spherical beads, whilst O-shaped ones form flat lens- 
shaped beads, which in the case of deeply-coloured beads 
show the colour better. To have a clean stock of wires 
on hand they should be kept in a glass filled with water. 

Platinum foil, which is not very largely employed, 
is used in pieces of about 50 mm. long by 15 mm. 
wide. A small platinum spoon is very useful in fusing 
substances with acid potassium sulphate or nitre.’ A 
platinum spiral, from 2 to 3 mm. wide, made by coiling 
platinum wire around a lead pencil, may be used for 
the same purpose. ° 

Glass tubes and small glass matrasses are very fre- 
quently employed, and should always be kept in stock. 

For heating substancesein air (roasting) glass tubes 
about 6 mm. in diameter and roo mm. long, open at 
both ends, are used; whilst small matrasses, or glass 
tubes closed at one end, are employed for heating 
substances alone, without a current of air. 

4. Of other apparatus, the most necessary are : 

An agate mortar of from 40 to 50 mm. diameter. 

Forceps with platinum points, which open by pressure. 

Steel forceps. 

A pair of steel cutting pincers, to cut off fragments 
from minerals, 

A small hammer and anvil; both of hardened steel, 
and well polished. 

A small magnetic needle. 

A lens. 

A spatula of polished iron. 

Coloured glasses: a blue one, coloured ‘by cobalt; a 
violet one, caloured by manganese; a red one, coloured 
by suboxide of copper; and a green one, coloured by 


10 BLOWPIPE ANALYSIS. [5 


iron and copper. Such glasses as are used for coloured 
windows are usually suitable. 

A hollow glass prism containing indigo solution 
(Fig. ro). It should be about 150 mm. long, and about 
35 mm. through at the stopper end. The solution is 
made by dissolving 1 part of indigo in 8 parts of fuming 
eupeue acid, diluting with from 1 500 to 2,000 parts 

m of water and filtering. In using the prism it 
is moved in a horizontal direction close before 
. the eye, so that the light from a coloured 
fy flame passes thrdugh a gradually increasing 

f thickness of the liquid. 

mm 6=s§.-:«' The reagents employed in blowpipe analy- 
i sis should be as puresas possible. 

| Borax, Na,B,O,; + 101,0. Commercial 
borax should be recrystallized, and the crystals, 
after being washed with distilled water, are 
then dried and powdered. On heating, borax 
fuses with Intumescence to a glass-like mass, 
which dissolves metallic oxides, giving, in many 

Fic. 10 cases, characteristic colours. 

Microcosmic salt, NH,NaHPQ,+4H:20. This 
should give a perfectly clear bead on cooling after fusion ; 
if the bead be not clear, the salt must be purified by re- 
crystallization. This salt is employed for the same pur- 
pose as borax. By heat it is converted into sodium meta- 
phosphate, which, with metallic oxides, sometimes yields 
more beautiful colours than borax, and in other cases 
gives quite different ones. As this reagent effervesces 
, strongly on heating, and thus very easily drops from the 
platinum wire, its application is not quite so general as 
that of borax. 
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Sodium carbonate, Na,CO;, must be free from 
sulphate, for which it may be tested according to par. 156. 
Sodium bicarbonate may be substituted for the neutral 
carbonate. 

Sodium carbonate is extensively employed as a 
reducing, dissolving, and decomposing agent. 

Neutral potassium oxalate, K,C,0,+2H,O, 
and especially potassium cyanide, KCN, are more 
powerful reducing agents than sodium carbonate, and 
are to be preferred in cases where a very powerful 
flame is required by the sodium carbonate.  Pot- 
assium cyanide fuses easily, and it is usually employed 
in admixture with an equal amount of sodium car- 
bonate. " 

Potassium nitrate, KNQO;, and potassium 
chlorate, KClOs, are employed as oxidizing agents. 

Acid potassium sulphate, HKSO, The anhy- 
drous salt, coarsely powdered, is kept in a well stoppered 
bottle. It serves to expel volatile substances, which 
may be recognized by their odour, or by the colour of 
their vapours; it is also used to decompose substances. 

Sodium hyposulphite (thiosulphate), Na,5,O,, 
freed from its ‘water of crystallization to a large extent, 
Serves to convert metallic oxides into sulphides. 

Fluorspar, CaF,, free from boric acid, for which it 
may be tested according to par. 110, is used for the detec- 
tion of lithium and boric acid. It is advisable to keep a 
mixture of one part of finely-powdered fluorspar and 
four parts of acid potassium sulphate,.in a special bottle. 

Fused boric acid, B,O;, a commercial article, is kept 
in small fragments, and is used for the detection of small 
quantities of copper in lead. 
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Silica, SiO,, used in testing for fluorine, and also for 
sulphates and phosphates. : 

Cobalt nitrate, Co(NO;), + 6H,0O, in solution. One 
part of the pure salt is dissolved in ten parts of water. 
As this reagent is always applied in drops, it is well 
to have it in a bottle provided with a stopper in the 
form of a pipette, terminating at the upper end in a 
thistle-funnel, across which is stretched a piece of 
bladder or sheet indiarubber. By pressing and re- 
leasing the bladder, the pipette becomes charged with 
liquid, which can be expelled in drops by again pressing 
the bladder. Such bottles can be bought. 

This reagent serves for the detection of certain earths 
and metallic oxides, which afford characteristic colours 
on being heated with it. 

Copper oxide, CuO, can be easily prepared by heat- 
ing copper nitrate in a porcelain basin ; it is used for the 
detection of chlorine, bromine, and iodine. 

Silver chloride, AgCl, made into a thick paste with 
water, is used for intensifying flame colourations. Fine 
iron wire is to be used with this reagent, and not 
platinum. 

Magnesium wire, in pieces about 5 thm. long, serves 
for the detection of phosphoric acid. 

Tin acts as a powerful reducing agent when applied to 
metallic oxides dissolved in beads. Tinfoil, cut: into 
narrow strips, is rolled up tightly into thin pencils. On 
applying one of these to a heated bead on charcoal, a 
little of the tin dissolves; the bead is then strongly 
heated, for a short time only, in the reducing flame. 

Pure lead is easily obtained by placing a piece of 
zinc in a solution of lead acetate. The precipitated lead 
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is repeatedly washed and dried between folds of filter 
paper. 

Zinc in bar or in the granulated condition serves in 
conjunction with hydrochloric acid for the detection of 
several rare.metals, whose solutions are reduced by the 
nascent hydrogen, yielding characteristic changes of 
colour. 

Gold grains, of 50 to 80 mgr. weight, serve to test 
for nickel and cobalt. 

Silver plate for the detection of sulphur compounds. 

Test papers in narrow strips. Red and blue litmus 
paper for acids and bases, and brazil-wood paper for the 
detection of fluorine. 

Sulphuric acid, H.SQ,, in the concentrated state, 
is used in testing by means of flame-colouration. 

Nitric acid, HNO, serves for the separation of 
silver from gold. 

Hydrochloric acid, HCl, is used in testing by 
flame-colouration, in the detection of carbonic acid and 
ammonia, and together with zinc for the detection of 
several rare metals. : 


14 


CHAPTER II. 
THE OPERATIONS OF BLOWPIPE ANALYSIS. 


6. BLowpiPe analysis depends mainly on the indica- 
tions afforded by substantes when submitted to the 
oxidizing or reducing action of certain parts of a flame 
modified by a current of air. The action of the flame 
depends ugon its structure. If a 
luminous flame such as that of a 
candle, for example, be carefully ex- 
amined, it will be seen to consist of 
three principal parts : 

1. A dark core a (Fig. 11), which 
contains the gaseous products of de- 
composition yielded by the tallow or 
wax drawn up by the wick. 

2. A strongly luminous zone, bd’, 
in which, in consequence of an in- 
sufficient supply of air, only partial 
burning of the combustible gases takes 
place. Oxygen from the air combines 
mainly with the easily combustible hydrogen, whilst the 
carbon is separated in a highly heated state, causing 
the luminosity of the flame. 

* 3. An outer bluish mantle, cc’, in which the oxygen of 
the air is always present in excess, so that the separated 
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carbon is here completely burnt. The highest tempera- 
ture exists in this part of the flame, and an oxidizable 
substance placed within it is speedily oxidized. 

Besides these three zones a beautiful clear blue border 
is observable at the base of the flame. Although oxygen 
in excess is present here, still complete combustion does 
not take place, as the temperature is too low. Water 
and carbonic oxide are produced, the latter of which 
burns with a blue flame. 

The flame of an oil lamp gives the same appearances 
as acandle. On the other hand, a non-luminous flame is 
produced by the Bunsen lamp, because the coal-gas which 
issues from a small jet within and near to the bottom of 
the tube, becomes mixed, with air admitted through 
openings at the foot of the tube. Immediately on closing 
the air-holes the flame becomes a Juminous one, of the 
same character as the candle flame. 

In blowpipe work, only the outer oxidizing flame, ce’, 
and the inner luminous seducing flame, 50’, are considered. 

The reducing flame \s produced by bringing the blow- 
pipe jet to the edge of the flame, and a little distance 
above the burner or the wick. A gentle current is then 
blown, whiche deflects the flame without completely 
passing into it, so that the flame is still slightly charged 
with glowing carbon. 

In this way a yellowish luminous flame (Fig. 12) is 
produced, of which the most active part hes between a 
and d, and nearest to a. 

The oxidizing flame is produced by passing the blow- 
pipe jet a little further into the flame, up to about a 
third of the ,breadth of the flame, and blowing more ' 
strongly than before. A pointed non-luminous flame 
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(Fig. 13) 1s thus obtained, having an inner blue cone, 
before the point of which the hottest part of the flame is 





Fic. 1a. 
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Fic 


situated. Substances to be fused are placed in this part 
of the flame, whilst substances to be oxidized are placed 
somewhat further away, so that besides being strongly 
heated they may be freely ‘exposed to the air. 

If the substance to be oxidized is supported on charcoal, 
a weaker blast must be employed, as otherwise a portion 
of the charcoal is burnt to carbonic oxide, which exercises 
a reducing action. A 

The inner blue cone of the oxidizing flame has a weak 
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reducing action on account of the carbonic oxide it 
contains. 

Whilst the oxidizing flame can be easily produced, 
some practice is required to obtain a good reducing flame. 
It is necessary that the reducing flame should be main- 
tained unchanged for some time, and that the assay should 
be completely enveloped in it, in order to get good results ; 
but the assay should not be held too far in the flame, as 
soot may be deposited upon it, which will interfere with 
the reduction. 

The dast is produced by the muscles of the cheeks 
without co-operation of the lungs. The mouth is filled 
with air, which is pressed by the cheeks through the 
blowpipe, whilst the passage to the throat is stopped by 
the palate, and breathing is maintained through the 
nostrils. When the mouth requires refilling air is passed 
in from the full lungs, but without any effort on the part 
of the muscles of the breast. These operations are 
repeated continuously without interrupting the continuity 
of the blast. Only in this way can a constant current of 
air be maintained without prejudicially affecting the 
health. The requisite skill is soon obtained by practising 
breathing with ‘distended cheeks, then taking up the 
blowpipe, and, whilst blowing, continuing to breathe 
neither quicker nor slower than the ordinary rate. 

The blowpipe is held in the right hand so that the 
thumb and third and fourth fingers support the tube, 
whilst the first and second fingers rest upon it. The 
forearm leans for support against the edge of the table. 

7. In examining substances before the blowpipe, it 
is necessary to take the various operations in some 


definite order. The following order is a convenient one. 
| B 
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Assay of the substance : 

1. In a glass tube closed at one end. 

2. In an open tube. 

3. On charcoal. 

4. With borax and microcosmic salt. 

5. As to flame colouration. 

6. With reagents (sodium carbonate, cobalt solu- 
tion, sodium hyposulphite, acid potassium 
sulphate, zinc and hydrochloric acid). 

As regards the amount of substance to be taken for 
each assay, a fragment the size of a grain of mustard 
seed will generally be found sufficient for most purposes. 
When, however, a metal is to be obtained by reduction, 
or in the case of heating,in a glass tube, it is ad- 
vantageous to take a somewhat larger quantity, for the 
greater the metallic bead or sublimate obtained the easier 
is it to judge of the nature of the substance. A portion of 
the substance to be examined should always be reserved 
for confirmatory tests, and to provide for unforeseen events. 
By way of precaution the lamp should be placed on a 
large sheet of paper, with turned-up edges, so that sub- 
stances accidentally dropped can be easily found again. 


t 


ASSAY IN A GLASS TUBE CLOSED AT ONE 
END. 


8. The substance is heated over a Bunsen lamp or spirit 
lamp, either in a small tube sealed at one end or in a 
small matrass. The heat is applied very gently at first, 
and is increased gradually to redness. By this treatment 
it is ascertained whether the substance is completely or 
partly volatile, or whether it suffers any other change. 
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l—THE SUBSTANCE IS COMPLETELY OR 
PARTIALLY VOLATILIZED. 


The following appearances are considered : 

g. (1) Water is given off. Water is given off 
in the state of vapour which condenses on the cool part 
of the tube. This indicates water of crystallization [No. 
39], of hydration, or water mechanically included in the 
crystals of the substance [No. 33]. In the last case 
decrepitation takes place. ‘bhe condensed water is 
examined with test paper ; an alkaline reaction indicates 
ammonia, an acid reaction the presence of a volatile acid, 
such as sulphuric, nitric, hydrochloric, or hydrofluoric 
acid. 

ro. (2) Gas or Vapour is Evolved. The most 
commonly occurring are : 

(a) Oxygen easily detected by the flaming of a glowing 
chip of wood held in the tube.2 Oxygen indicates the 
presence of peroxides, nitrates, chlorates, bromates, or 
iodates [No. 35]. ' 

(b) Sulphur dioxide, detected by its odour of burning 
sulphur, and its*action on blue litmus paper, mainly 
indicates the presence of sulphates or sulphites. 

(c) Sulphuretted hydrogen, known by its odour, arises 
from sulphides containing water. 

(d) WVitrogen tetroxide, recognized by its reddish-brown 


1These numbers refer to the list of Examples for Practice which 
precedes the text. 


4This reaction is not always obtained with a small quantity of the 
substance. In this case it is advisable to add a little sodium chloride 
and a drop of sulphuric acid. On warming chlorine is evolved, which 
is easily detected b} its odour and its bleaching action on moist litmus 
paper, 
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vapours and characteristic odour, indicates nitrates or 
nitrites [No. 36]. 

(e) Carbon dioxide, a colourless, odourless and incom- 
bustible gas, which turns milky a drop of lime-water adher- 
ing to a watch glass, results from the decomposition 
of carbonates, or of such oxalates as contain a reducible 
metallic oxide. 

(f} Carbon monoxide, which burns with a blue flame, 
indicates oxalates or formates; in the latter case the 
substance blackens. 

(g) Cyanogen, from the decomposition of cyanogen 
compounds, is indicated by its peculiar odour and the 
carmine-red flame with which it burns. 

(h) Ammonia, known by, its odour and alkaline re- 
action, indicates ammonium salts [27], or organic com- 
pounds containing nitrogen; in the latter case the mass 
usually chars, and cyanogen or empyreumatic oils are 
produced. 

(i) Aydrofluoric acid, which attacks the glass above 
the substance and gives it a dull appearance. 

(k) Chlorine, bromine, todine are indicated by their 
odour and the greenish-yellow, brown, or violet colour 
of their vapours. Iodine, when in not tdo small quantity, 
condenses and forms a greyish-black sublimate on the 
cool part of the tube. 


11. (3) A sublimate is formed. 


a. WHITE SUBLIMATES are formed by: 

(a) Ammonium salts. The sublimate removed from 
the tube is placed on a piece of platinum foil; it is 
then warmed with a little caustic soda and a drop of 
water. Ammonia is evolved [No. 34]. 
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(b) Chlorides of mercury. Mercurous chloride sub- 
limes without previous fusion, whilst mercuric chloride 
first fuses. The sublimate is yellow when hot, but 
becomes white on cooling [Nos. 42, 43]. Mercuric 
oxide gives globules of mercury. 

(c) Antimony trioxide fuses to a yellow liquid, and then 
sublimes to lustrous needle-shaped crystals [No. 12]. 

(d) Arsenic trioxide sublimes to octohedral crystals 
[No. 22]. 

(e) Tellurium dioxide behaves similarly to antimony 
trioxide, but requires a higher temperature and yields 
an amorphous sublimate. 

(f) Osmium tetroxide sublimes in white drops and has 
an extremely unpleasant, puhgent odour. 

B. GREY or BLACK SUBLIMATES with metallic 
lustre (the so-called metallic mirrors) are formed by: 

(a) Metallic arsenic and such arsenides as_ contain 
more than one equivalent of arsenic to two equivalents 
of metal; also some sulpharsenides [No. 73]. If the 
tube be cut off below the mirror, and the latter be 
gently warmed, the peculiar garlic-like odour of arsenic 
will be perceived. 

(b) Afercury amalgams and some mercury salts, The 
sublimate consists of minute beads of mercury, which, 
by friction with a piece of copper wire, readily unite 
to larger globules [No. 44]. 

(c) Some cadmium alloys. 

(d) Yellurium. The sublimate forms only at a very 
high temperature, and consists of small globules which 
solidify on cooling. 

y: COLOURED SUBLIMATES are formed by: 

(a) Swdphur and certain su/phides which contain much 
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sulphur. The sublimate is deep yellow to brownish-red 
when hot, and sulphur-yellow on cooling [No. 71]. 

(6) Antimony sulphide alone or in combination with 
other sulphides. The sublimate forms only at a very 
high temperature, and is deposited near to the test-piece ; 
it is black whilst hot, and reddish-brown when cold 
[No. 70}. 

(c) Arsenic sulphides and some compounds of sulphides 
with arsenides. The sublimate is dark reddish-brown 
whilst hot, and red to reddish-yellow when cold 
[No. 76]. j 

(2) Cinnabar. The sublimate is black, and without 
lustre, and gives a red powder on rubbing [No. 77]. 

{e) Selenium and some “selenides. The sublimate 
forms only at a high temperature ; has a reddish or black 
colour, and gives a dark-red powder; an odour of rotten 
horse-radish is also perceived [No. 83]. 

The non-appearance of the foregoing reactions is not 
sufficient to indicate with certainty the absence of the 
substances described; sulphur, arsenic, tellurium, and 
antimony occur In many compounds which give no 
certain evidence of the presence of these substances on 
heating in a closed tube. 


H.—THE SUBSTANCE CHANGES WITHOUT 
VOLATILIZATION, 


12. Many substances change in aspect only without 
changing in constitution on being heated in a closed 
tube ; the following appearances should be noted : 


1, Change of colour: 
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(a) From white to yellow, becoming white again on 
cooling ; zinc oxide [No. ro]. 
(2) From white to yellowish-brown, dirty pale yellow 
on cooling ; tin oxide [No. 9}. 
(c) From white to brownish-red, yellow when cold ; 
lead oxide (fusible) [No. 68]. 
(2) From white to orange-yellow or reddish-brown, 
pale yellow when cold ; bismuth oxide (fusible). 
(ec) From red to black, red when cold; mercuric 
oxide (volatile). 
(f) From red to black, red when cold; ferric oxide 
(non-volatile) [No. 60]. 
2. Fusion: alkaline salts. 
3. Carbonization: orggnic substances. 
4. Phosphorescence: alkaline earths, earths, zinc 
oxide, tin oxide, and many minerals. 
5. Decrepitation: alkaline chlorides, galena, and 
many minerals. 


ASSAY IN OPEN GLASS TUBE. 


13. A fragment of the substance, or a little powder if 
the substance decrepitates, is placed about 12 mm. from 
one end of an open glass tube; the latter is slightly 
inclined, so that on heating it, a current of air passes 
through. ‘The substance can thus be heated in a current 
of air, and roasting is effected; many substances thus 
give sublimates or gaseous products, whilst they remain 
unchanged when heated in a closed tube. Care should 
be taken to raise the temperature gradually, or the sub- 
stance may be volatilized in an unoxidized state. 

The air current can be increased or diminished at 
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pleasure by inclining the tube more or less. By this 
means the following substances can be detected : 

14. Sulphur. Sulphur dioxide is evolved, known by 
its odour and action on moistened blue litmus paper 
[No. 71]. 

15. Arsenic. A very volatile white sublimate of 
arsenic trioxide is formed, consisting of minute octo- 
hedral crystals. By gently heating, it may be driven 
from one part of the tube to another [No. 73]. 

16. Antimony. White fumes are evolved, which 
partly escape, and partly condense in the upper part of 
the tube. The sublimate is a white powder, and may, 
if consisting of pure antimony trioxide, be volatilized by 
heat. In most cases, however, the oxidation proceeds 
further, antimony tetroxide being formed, which is a non- 
volatile white powder {No. 1]. 

17. Bismuth. When not combined with sulphur, 
bismuth is converted into the fused brown oxide which, 
on cooling, becomes pale yellow [No. 27]. 

Mercury and Amalgams yield sublimates of metallic 
mercury in minute globules [No. 44]. 

18. Tellurium and Tellurides. These become 
oxidized to tellurium dioxide, which condenses in the 
upper part of the tube to a white non-volatile powder. 
On heating, this sublimate fuses to colourless drops, thus 
differing from an antimony sublimate. 

1g. Selenium and Selenides. These give the char- 
acteristic odour of rotten horse-radish, and yield a sub- 
limate of selenium, which is steel-grey near to the 
substance, and red further away [No. 83]. 
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ASSAY OF THE SUBSTANCE ON CHARCOAL 
[OR ALUMINIUM PLATE]. 


20. The substance is laid in a shallow cavity near to 
the edge of the charcoal, which is held somewhat inclined, 
so that when the flame is applied, an incrustation may 
be deposited on the charcoal in case the substance yields 
one. The action both of the oxidizing and the reducing 
flame is tried, and the following points must be con- 
sidered: fusibility, decrepitation, deflagration, intum- 
escence, odour, flame-colouration, and more especially 
the formation of incrustations, and reduction to the 
metallic state. 

Should aluminium plate be employed in the place of 
charcoal, the substance is first heated on the bare plate, 
and afterwards on the small piece of charcoal (see p. 8). 
In this way the readily volatile metals can often be 
detected, together with difficultly volatile ones. The 
Incrustations are thicker on the plate than on charcoal, 
because the support does not become so strongly heated, 
and the vapoufs are caught against the vertical portion 
of the plate. The incrustations obtained are further 
experimented on in the reducing flame, and in the 
peroxidizing flame. The latter is obtained by bringing a 
good oxidizing flame within one or two inches of the 
incrustation obtained. 

The reactions on the aluminium plate will be separately 
discussed in treating of the various incrustations.} 


'See Hutching§, Chemical News, xxxvi., 208, 217. The aluminium 
plate was first recommended by Ross, in his treatise on ‘ Pyrology,’ 
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2X. (1) Fusibility. Of non-metallic compounds, 
the following are easily fusibie: most of the alkaline salts, 
and some of the salts of the alkaline earths; after being 
strongly heated, their residues have an alkaline reaction. 
Some are volatile, and cover the charcoal with an 
incrustation (see par.39). The following are infuszble, and 
without flame-colouration: compounds of the earths, 
and of the alkaline earths, silica, and many sili- 
cates. The earths and alkaline earths emit white 
light when heated, and are further examined with cobalt 
solution (par. 60). : 

Infusible with change of colour: zinc oxide, tin oxide, 
titanium dioxide, niobium pentoxide, tantalum pent- 
oxide, and tungsten trioxide, Which all attain a temporary 
yellow colour. 

Of the metals, antimony, lead, cadmium, indium, 
tellurium, thallium, bismuth, zinc, tin, are easé/y fusible; 
copper, gold, silver, are more dificultly fusible; whilst 
iron, iridium, cobalt, molybdenum, nickel, platinum, 
osmium, palladium, rhodium, and tungsten are zfuszdde. 

(2) Decrepitation. Common salt and other haloid 
salts ; substances containing mechanically included water ; 
and many minerals. 

(3) Deflagration. Nitrates, chlorates, iodates, 
bromates. 

(4) Intumescence. Indicates substances containing 
water ; also borates and alum. 

(5) Odour. Odour of sulphur dioxide indicates 
a sulphide; odour of garlic indicates arsenic; odour of 
rotten horse-radish indicates selenium. 

22. (6) Flame Colouration. Manye elements ex- 
hibit important and characteristic flame colourations 
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which are better observed on platinum wire or in the 
platinum forceps, than on charcoal (see par. 41). 
The most important colours are : 


Yellow: sodium salts, 
( lithium carmine-red. 
Red: 4 strontium . scarlet. 
jean yellowish-red. 
{ copper emerald-green. 
barium yellowish-green. 
Green :; boricacid .*.  finch-green., 
phosphoric acid __ bluish-green. 
molybdic acid yellowish-green. 
(selenium . ° cornflour-blue. 
Blue: J 2tsenic bluish. 
™ lead . pale blue. 
copper chloride. azure blue, then green. 


Violet: 


23. (7) Metal-reduction and formation of 
incrustation. Many metallic oxides are reduced to 
the metallic state when treated on charcoal; some are 
also partly volatilized, and others are so quickly vapour- 
ized, that none of the metal remains behind. These 
vapours are partly deposited on the cooler portion of the 
charcoal, forming incrustations which afford indications 
of very great importance as to the nature of the substance 
under examination. Care must be taken to avoid 
mistaking the ash of the charcoal produced wherever the 
flame plays, for an incrustation. 

Most of tle metallic oxides can be reduced by means 
of the reducing flame alone ; some, however, can only be 


potassium. 
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thus reduced with the greatest difficulty, or not at all. 
To the last category belong the oxides of copper, cobalt, 
nickel, and iron. If, however, such a substance be made 
into a paste with sodium carbonate, or with a mixture 
of this and potassium cyanide, or if potassium oxalate 
be used, and the mixture treated in the reducing flame, 
then the reduction rapidly takes place. The applica- 
tion of these reagents does not interfere with the for- 
mation of incrustations. 
In this way are obtained : 


A, REDUCED METAL WITHOUT INCRUSTATION. 


24. Gold, silver, and copper yield glistening malleable 
beads. Molybdenum, tungsten, platinum, palladium, 
iridium, rhodium, iron, nickel, and cobalt, give a grey 
infusible powder, which, in case of the three last-named 
substances, 1s magnetic. 

To separate the reduced metal, the portion of charcoal 
saturated with the fused mass is cut out and ground 
with water in a small agate mortar, the liquid con- 
taining the light particles of charcoal being poured off. 
The malleable metals then remain as glistening spangles, 
and the brittle ones as metallic powder. Silver, gold, 
and copper can be distinguished by their white, yellow, 
and red colours ; the remaining metals are discriminated 
by further treatment with borax and microcosmic salt. 


B. REDUCED METAL WITH INCRUSTATION, 


25. Antimony fuses easily and covers the charcoal 
with white oxide situated not far from the assay-piece. 
The incrustation can be chased from one place to another 
by the oxidizing flame, but disappears entirely under the 
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reducing flame, the latter being thereby coloured a faint 
green. If metallic antimony be fused and heated to 
redness, it will burn for a short time even when left 
alone, giving off at the same time dense white fumes, 
which partly condense about the bead in the form of 
white crystals, having a pearly lustre. 

On aluminium plate the incrustation near to the assay- 
piece is yellow, further away pure white, and still further 
off bluish-white. Most minerals yield antimony on the 
bare plate. The peroxidizing flame darkens the yellow 
colour momentarily, whilst tle reducing flame instantly 
blackens all parts of the incrustation [No. 1]. 

26. Bismuth. Fuses easily in both flames, and 
gives an incrustation which is orange-yellow when hot, 
and lemon-yellow when cold. The incrustation is often 
surrounded by a yellowish-white ring of bismuth carbonate. 
The incrustation lies a little nearer to the test-piece than 
in the case of antimony. It can be driven away by 
either flame, but differs from antimony and lead in im- 
parting no colour to the reducing flame. 

On the bare aluminium plate, little or no incrustation 1s 
obtained, but on the charcoal support a sublimate is pro- 
duced which is*yellow nearest the test-piece, passing into 
orange, and this into brown. Upon the ledge also 
a yellow sublimate is formed. The peroxidizing flame 
darkens the colour of the yellow and orange portions 
temporarily (compare lead), whilst the reducing flame 
blackens both [No. 2]. 

27. Lead. Easily fusible; incrusts the charcoal in 
both flames with oxide, which is lemon-yellow when hot, 
and sulphur-yellow when cold, and is surrounded by a 
white border of lead carbonate. The incrustation 1s 
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about as far from the test-piece as in the case of bismuth ; 
it can be chased away by either flame, the reducing flame 
becoming coloured of a sky-blue. 

On aluminium plate an incrustation is obtained only 
on using a charcoal support, as is the case with bismuth. 
The incrustation is coffee-brown, surrounding a pale-yellow 
ring, whilst on the ledge itis white. The yellow and white 
parts become brown in the peroxidizing flame, retaining 
this colour on cooling, whilst the brown colour in the case 
of bismuth disappears again on cooling. In the reducing 
flame all parts become black [No. 3]. 

28. Tin. Fuses very easily, and in the oxidizing 
flame is converted into oxide, which may be blown away, 
and thus be made to appeag as an incrustation. It is 
always found closely surrounding the assay-piece, is 
yellowish whilst hot, white when cold, and non-volatile 
in both flames. In the reducing flame the fused metal 
retains its metallic lustre. 

On aluminium plate a faint white incrustation is obtained 
by long heating on the charcoal support. The reaction 
on the support is the same as that on charcoal, just 
described [No. 4]. 

29. Silver. As stated in par. 24, silvef oxide is easily 
reduced to a brilliant metallic bead. If the bead, how- 
ever, be heated for a long time in a strongly oxidizing 
flame, a dark-red incrustation is produced. If the silver 
contains lead or antimony, a yellow or white incrustation 
appears before the red one; if lead and antimony be 
present at the same time, the incrustation has an intense 
rose colour [No. 5]. 

On aluminium plate a brown incrustatign, shading off 
into a lighter rim having a reddish tinge, is obtained. 
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Below, near to the glowing edge of the charcoal, is a 
narrow strip, almost white, with faint pink tinge. The 
peroxidizing flame darkens all parts, whilst the reducing 
flame produces a circle of white, having the appearance of 
frosted silver. The rose-coloured sublimate produced by 
silver in presence of antimony, coming out beautifully on 
aluminium plate, is however more characteristic. 

30. Gold. On charcoal fuses, but gives no incrusta- 
tion. 

On aluminium plate an incrustation is produced after 
heating for some time with charcoal support. The gold 
is volatilized, and near to the charcoal a yellow film of 
gilding is deposited on the plate; beyond this isa strip of 
violet, and dotted all over are little specks of gold 
carried away mechanically. 

31. Thallium. It fuses easily, and incrusts the 
charcoal with white oxide, which is driven away by slight 
wartning ; on contact with the flame, this latter acquires a 
green colouration, and the oxide disappears. The fused 
bead, which also colours the flame green, remains fluid for 
a considerable time after the flame is removed, and some- 
times deposits a brown incrustation in its neighbour- 
hood. i 

On aluminium plate, a copious white incrustation is first 
produced, which, as the temperature of the plate increases, 
is followed by a brownish one. In the peroxidizing 
flame the white part instantly turns reddish-brown. ‘This 
change takes place more quickly than with lead, and the 
colour produced is very different. In the reducing flame 
all parts become black, and in the thickest portions little 
black beads cap be seen with a lens. 

32. Indium. It fuses easily, and forms an incrusta- 
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tion near to the test-piece, which is dark-yellow when 

hot, yellowish-white when cold, and is chased away with 
difficulty by the reducing flame, this latter acquiring a 
violet tint. 


C. INCRUSTATION WITHOUT METAL. 


33- Arsenic. It volatilizes without previous fusion, 
developing the characteristic garlic odour, and covers the 
charcoal at some distance from the test-piece, with a 
white incrustation, which disappears before both flames. 
The volatile incrustation imparts a clear blue colouration 
to the flame. 

On aluminium plate without charcoal support, a white 
sublimate is obtained, and,a black stain is produced 
under the test-piece. On the charcoal support when 
much arsenic is present, there is also a good deal of grey- 
black sublimate, and there are large black stains on the 
ledge. In the peroxidizing flame the white portion is 
unchanged, but volatilizes rapidly as the plate gets hot. 
The grey and black portions are somewhat whitened and 
partly removed, but dark stains remain. The reducing 
flame volatilizes the sublimate rapidly, and the arsenic 
smell is very clearly perceptible [No. 6].« 

34. Zinc. It fuses readily, and burns in the oxidiz- 
ing flame with an intensely luminous greenish-white flame, 
and thick white fumes are evolved which, partly condens- 
ing on the charcoal, cover it with oxide which is yellow 
whilst hot, and white when cold. The incrustation 
becomes luminous under the oxidizing flame, but does 
not disappear. 

On aluminium plate without charcoal support, scarcely 
any incrustation is obtained. On a charcoal support a 
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black film is obtained immediately the metal begins to 
burn, which directly gives place to the white oxide film. 
The peroxidizing and reducing flames have no action on 
the incrustation. Minerals containing zinc do not give 
the black incrustation [No. 7]. 

35- Cadmium. It fuses easily, and burns in the 
oxidizing flame to brown oxide, which appears as brown 
fumes, and forms an incrustation about the test-piece, 
whilst the flame is coloured dark-yellow. This very 
characteristic incrustation is reddish-brown when cold, or 
in thin layers orange-yellow, amd is easily volatilized by 
either flame without imparting colour to it. About the 
incrustation may be noticed a variegated border. 

On aluminium plate a dark-brown, almost black, film is 
obtained, which is not affected either by the peroxidizing 
or the reducing flame. On the edges of the charcoal 
support a little reddish-brown oxide is usually See 
[No. 8]. 

36. Selenium. It fuses easily with disengagement of 
brown fumes; a steel-grey incrustation of feeble metallic 
lustre is deposited at a short distance from the assay. 
This disappears in the reducing flame, evolving a 
strong odour of rotten horse-radish, and imparting to 
the flame a fine blue colour. 

On aluminium plate with charcoal support a red incrusta- 
tion is formed, and along with it some brown and white 
film. The peroxidizing flame whitens the red and brown 
parts, whilst the reducing flame gives to all parts a deep 
brown colour [No. 83]. 

37. Tellurium. It fuses very easily, and coats the 
charcoal in botp flames with tellurium dioxide. The incrus- 


tation is deposited near to the assay, has a white colour 
Cc 
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with reddish or dark-yellow border, and disappears m 
the reducing flame, the latter acquiring a green colour. 

On aluminium plate, with and without the charcoal 
support, it forms close to the assay a strong incrustation 
of a blackish colour, which is brown in thinfilms. Where 
the deposit is thickest, it forms on short exposure to the 
flame, but better with the peroxidizing flame, a white 
layer of tellurium dioxide. The reducing flame colours 
all parts black ; on longer blowing the deposit disappears 
where the flame plays upon it, this latter becoming thereby 
tinged green. ‘ 

38. Molybdenum. The metal, a grey infusible 
powder, oxidizes in the outer flame, and gives a partly 
crystalline incrustation,.which is yellow whilst hot, and 
white when cold. By momentary exposure to the flame, 
the incrustation becomes a beautiful dark-blue colour 
(molybdic molybdate); by longer heating it becomes dark 
copper-red, with metallic lustre (molybdenum dioxide). 

On aluminium plate the sublimate (best obtained from 
molybdenite or ammonium molybdate) is produced with- 
out charcoal, and 1s light-yellow with white film. The 
peroxidizing flame darkens the colour somewhat, whilst 
the reducing flame, by momentary contact, produces a 
beautiful blue colouration. 

39. Besides the above-named elements, there are other 
substances that yield white incrustations which may, with 
few exceptions, be driven away when played upon by the 
oxidizing flame, and which bear some resemblance to 
those described. The most important bodies of this 
kind are the following: 

1, The sulphides of the alkalis, of lead, bismuth, 
antimony, zinc (incrustation non-volatile), tin (incrustation 
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non-volatile), and the chlorine, iodine, and bromine com- 
pounds of ammonium, mercury, and antimony: they 
incrust the charcoal without previously fusing or sinking 
into the support. 

2, The compounds of the alkalis with chlorine, 
bromine, iodine, and sulphuric acid: they fuse and sink 
into the charcoal before they evaporate. 

3. The chlorine, bromine, and iodine compounds of 
lead, tin, bismuth, zinc, and cadmium, which fuse but do 
not sink into the charcoal before they incrust it. 


EXAMINATION WITH BORAX AND 
MICROCOSMIC SALT. 


40. Many metallic oxides possess the property of 
being at a high temperature dissolved by borax and by 
microcosmic salt with a characteristic colour. These 
fluxes serve, therefore, as valuable reagents for the detec- 
tion of such oxides. Unoxidized metals, and those which 
are combined with sulphur, arsenic, or antimony, differ 
in this respect very materially from the pure oxides ; 
such compounds must therefore be subjected to a pre- 
liminary roasting on charcoal, or in an open glass 
tube, so as to be converted into oxide before they 
can be thus examined. During the roasting, the finely 
powdered assay must not be heated too strongly, 
especially at first, or it may be fused, in which case 
oxidation can only proceed with difficulty. | 

Platinum wire is commonly used as support during this 
examination, as the colour of the glass formed upon it 
can easily be seen. Charcoal is employed, however, in 
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the treatment of such oxides as are readily reducible to 
metal which attacks platinum. 

In order to get a borax bead on the platinum wire, 
a small loop is formed on the end of the latter ; this is 
then moistened or heated, plunged into the borax powder, 
and afterwards heated to fuse the adhering material. 
These operations are repeated until a sufficiently large 
bead is obtained. 

The microcosmic salt bead is similarly obtained, but 
is more difficult of preparation, as the reagent froths up 
so long as water and ammonia are evolved, and very 
readily drops from the wire. Only small quantities at a 
time must therefore be taken up, unless the salt is 
previously fused to a bead on charcoal and then trans- 
ferred to the wire. 

To take up the substances, the perfectly colourless 
bead, whilst still soft or after being moistened, is brought 
into contact with a small quantity of the powder. 

The substance is in the first place subjected to the 
oxidizing flame, and it is noticed whether the assay 
dissolves easily or with difficulty, quietly or with efferves- 
cence, and whether the bead is clear, opaque (enamel- 
hike), or coloured. The changes which " frequently take 
place during cooling are to be especially noted. 

The bead is then brought into the reducing flame and 
the results compared with those previously obtained. 
The addition of a small piece of tinfoil to the bead (as 
a rule on charcoal) increases very materially the action of 
the reducing flame. 

In order to observe the colour when strongly colouring 
substances are under examination, the bead whilst hot 
may be flattened with a pincette, or a circular loop may be 
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formed on the wire, which will give a lens-shaped bead. 
The pearl may also be jerked off the wire whilst still hot 
into a porcelain dish, and after breaking it up a portion 
may be taken up on to a new pearl. The bead is jerked 
off the wire by striking the ball of the hand upon the 
table, the end of the wire being held over the dish. 


Flaming. In many cases when a transparent bead 
is intermittently heated in the flame, or is repeatedly 
taken out of the flame, peculiar effects are obtained. 
This operation has received the name of “ flaming.” 
Clear beads frequently become opaque, milk-white, or 
even coloured. This depends on the fact that certain 
compounds which dissolve at a high temperature separate 
out on being heated to a Somewhat lower temperature, 
appearing as peculiar crystals, which are sufficiently well 
formed in most cases to be visible under the microscope 
when the bead has been flattened whilst hot, or when it 
has been dissolved in dilute acid so as to isolate the 
crystals. 

The behaviour of the metallic oxides with borax and 
microcosmic salt is shown in the following tables. They 
are arranged acrording to the colour yielded by the hot 
bead when acted on by the oxidizing flame, and the 
reactions of the oxidizing and reducing flames are given 
in the same line. It may be here remarked that the 
microcosmic, beads are often more beautiful than those 
of borax, and are occasionally different in colour. 

‘The behaviour of the metallic oxides to these reagents 
is also given in the third and fourth coluruns of the table 
at the end of the book, where the metals are arranged in 
alphabetical dtder. 
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EXAMINATION WITH RESPECT TO FLAME 
COLOURATION. 


4. Many bodies, especially the alkalis and alkaline 
earths, are readily detected by the characteristic colours 
which they impart to a non-luminous flame. The 
several salts of a flame-colouring element afford the 
same reaction, but with an intensity varying with the 
volatility of the salt used. The chlorides yield the 
best colouration, and for this reason the substance 
under examination is moistened with hydrochloric 
acid, or is treated with silver chloride and again 
heated. : 

In this examination the blue blowpipe flame may 
be used, or, what is much more convenient, the non- 
luminous flame of a Bunsen burner provided with a 
chimney. The assay is held by the platinum forceps 
or in a platinum wire loop whilst inserted in the flame; 
a liquid is carried in a flattened platinum loop. The 
indications are best seen against a dark back-ground, and 
in a room where there is neither direct sunlight nor 
much diffused light. 

If several of the flame-colouring elements occur to- 
gether, a mixed colour of intermediate character may 
result, or it may happen that the colour produced by 
one element quite overpowers the others ; for example, 
if a sodium and potassium compound occur together 
the violet colour due to potassium is quite invisible. 
To detect the elements in such a case the methods 
given in pars. 42 and 43 are applied. = « 

The reactions given by the flame-colouring elements 


4r] FLAME COLOURATION. 43 


in the pure state, arranged according to the colours 
produced, are as follows : 


Red Flames. 


Lithium: carmine-red. Sodium salts obscure the 
reaction. 

Strontium: scarlet - red.} ae salts obscure the 

Calcium : yellowish - red.! reaction. 


Yellow Flames. 
Sodium : orange-yellow. ‘ 


Green Flames. 


Copper oxide: emerald-green; after moistening with 
hydrochloric acid, blue. * 
Thallium : grass-green. 

Phosphoric acid: bluish-green. ) In their salts, after 
Boric atid: — yellowish-green moistening with 
(finch-green). j sulphuric acid. 

Barium salts: yellowish-green.! 

Molybdic acid : faint yellowish-green. 

Tellurious acid: green, with evolution of fumes. 
Nitric acid; bronze-green, quickly disappearing. 


Blue Flames. 


Copper chloride: azure-blue, afterwards green. 

indium: indigo-blue. 

Selenium: corn-flower blue, accompanied by odour 
of rotten horse radish. 

Arsenic: bluish. 

Antimony ;: faint-green. 

Lead: blue. - « 


1 Especially after moistening with hydrochloric acid. 
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Violet Flames. 


Potassium: violet-red. Sodium and lithium salts 

obscure the reaction. 

anes ie : | like potassium. 

42. In order to detect several flame-colouring ele- 
ments when occurring together, it is easiest and best 
to use the spectroscope. If a coloured flame be ob- 
served by means of the spectroscope, bright coloured 
lines upon a dark groupd are perceived. This arises 
from the fact that each element gives out a light 
peculiar to itself which is resolved into single rays by 
the prism of the spectroscope, and these rays form the 
lines seen in the apparatus. The lines vary in colour, 
position, and manner of grouping with each element: 
these characteristic differences form the basis of the 
most sensitive and exact method of analysis, the so- 
called spectrum analysis. 

The spectrum lines of the most important elements 
are given in the frontispiece, and also in the following 
table. The numbers in this table indicate the divisions 
of a scale on which the various lines fall when the 
sodium line coincides with the fiftieth division. The 
heavy figures represent the prominent characteristic lines, 
the lighter figures indicate the fainter lines, which only 
appear at high temperatures and then soon disappear. 
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_ The direct-vision pocket spectroscope, such as that 
of Browning, which is well adapted for blowpipe investi- 
gations, contains no scale; notwithstanding this, the 
relative positions of the various lines can easily be 
obtained from the table. For example, if the spectrum 
of strontium be under consideration, a glance at the 
table shows that it contains a great number of lines in 
the red and orange parts of the spectrum and one line 
in the blue part, and that amongst these one orange and 
one blue line are especially characteristic. 

It is scarcely necessafy to remark that a knowledge 
of the spectrum founded on repeated observation is 
better than any amount of description or measuring. 

43. Many flame-colouring constituents can be success- 
ively detected without the spectroscope, as Merz’ has 
shown, by the employment of coloured glasses, and by 
taking advantage of the differences in volatility of the 
substances. 

The action of coloured glasses, which are held close to 
the eye when being used, depends on the fact that they 
only transmit certain rays, all others being absorbed. 
Red glass, for example, stops all rays except red ones ; 
and blue glass stops certain red and gfeen rays together 
with the whole of the yellow. In the case of a flame 
coloured by a mixture of sodium and potassium salts, a 
blue glass absorbs the yellow rays, due to sodium, and 
allows only the violet rays, due to potassium, to pass 
through. 

In order best to observe the successive reactions 
afforded in consequence of the varying volatility of the 


1G, Merz: Flammenfarbungen, Feurn, praPt. Chemie, Bd. 80, 
p. 487. 
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different constituents of a mixture, the substance is first 
brought just into the border of the flame, then into the 
mantle, and lastly into the hottest part of the flame. The 
following three kinds of reactions are thus obtained: 

(1) Border colours which are formed outside of the 
flame itself and are only yielded by the most volatile 
substances. They are obtained by holding the platinum 
loop outside the lower part of the flame, and parallel 
with its axis, at a distance of from 1 to 2 mm. 

(2) Mantle colours, which make their appearance in the 
outer non-luminous part of the flame. They are obtained 
by holding the loop vertically and about : mm. off 
the flame. 

(3) Flame colours which extend over the greater half of 
the whole flame ; they are obtained by holding the loop 
horizontally in the hottest part of the mantle. 

All flame-colouring substances may, according to their 
volatility, be arranged in three classes : (1) certain acids, 
(2) alkalis, and (3) alkaline earths ; to which we may add 
one of the heavy metals, copper. 

If substances be brought into the flame in the manner 
given above, we may detect 


l-—THE ACIDS. 


44. (a) Mitric and nitrous acids give a bronze-green 
border colour, with, as a rule, an orange-coloured margin, 


1 The flame of a Bunsen gas lamp is much to be preferred for these reac- 
tions, as blowing is dispensed with, and the whole attention can be given 
to the reactions, which, as a rule, require close observation. If coal gas 
be not at hand, a stand blowpipe will be useful, as both hands must be 
free in making these experiments. The substance is held in the one 
hand and the coloured glass in the other. 
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The assay is first dried in the flame, and then either 
moistened with dilute hydrochloric acid or with a solution 
of acid potassium sulphate according as nitrous or nitric 
acid is looked for. Ammonium and cyanogen compounds 
give the same reaction but somewhat weaker. 

45- (b) Phosphoric acid yields a greyish yellow-green 
border colour after moistening with sulphuric acid. In 
presence of boric acid, phosphoric acid’ can only be 
detected by the green flame produced of heating in a 
hydrogen flame after moistening with a solution of hydro- 
fluosilicic acid. For this purpose the hydrogen 1s emitted 
from a platinum jet, for example, the side tube of a 
blowpipe [No. 27]. 

46. (c) Boric acid gives a beautiful green mantle 
colour, which is so intense that the acid can be detected 
in presence of a considerable amount of phosphoric acid. 
Borates require to be previously decomposed by sulphuric 
acid [No. 26]. 

47- (d) Molybdic acid gives a yellowish-green flame 
colour, similar to that yielded by barium salts [No. 79]. 

48. (e) Hydrochloric acid, or a chloride moistened with 
sulphuric acid, yields a very faint greenish mantle colour ; 
the colouration appears momentarily ohly, and generally 
escapes detection. 


I.—T. HE ALKALIS. 


49. (a) Pilavsien gives a greyish-blue mantle 
colour and a rose-violet flame colour. The colour 
appears reddish-violet through blue glass! (detection 


1 Cartmell, PAi/, Mag., May 1858, p. 328. 
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in presence of sodium), violet through violet-coloured 
glass, and bluish-green ‘through green glass. Potass- 
ium is detected in the presence of lithium by means 
of green glass, of a considerable thickness of blue glass, 
or by the indigo-prism. The potassium flame is 
visible through all thicknesses of the prism, whilst 
the lithium flame jis invisible after a certain thickness 
is reached. This poiit is ascertained by a previous 
experiment with lithium chloride and is marked on the 
prism, the part beyond this ony allowing potassium rays 
to pass.? 

The assay is moistened with sulphuric acid, dried and 
again brought into the flame for a short time. Organic 
compounds, which become carbonized, must be previously 
decomposed by ignition as they also give a violet flame, 
and the red and violet rays of the glowing platinum wire 
must not be mistaken for the potassium reaction; in 
the latter case the colouration always ascends ‘from the 
assay towards the point of the flame. 

50. (b) Sodium gives. an orange-yellow flame colour, 
which in quantity appears blue through blue glass but 
which is invisible when less in amount. Viewed through 
green glass the flame has an orange-yellow colour, charac- 
teristic of sodium in all its compounds. If a crystal of 
potassium bichromate be held near to the sodium flame 
the former becomes quite colourless, and a red smear of 
mercuric iodide on paper becomes white with a faint 
tinge of fawn colour. “ 

The assay is moistened with sulphuric acid, dried, and 
then held in the hottest part of the flame [Nos. 33 
and 58}. - 

) 1 Bunsen, dau, Chem. Pharm. CX, p. 267. 
D 
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51. (c) Lithivm yields a carmine-red flame colour 
which appears violet-red through blue glass, and carmine- 
red through violet glass, but is invisible through green 
glass. In the presence of sodium, lithium is detected 
by means of the blue glass. In the presence of potassium 
the following method, given by Bunsen,! may be em- 
ployed. The assay is brought into the melting space of 
a Bunsen gas-lamp, and this flame is compared simul- 
taneously, through an indigo prism, with one obtained 
from a pure potassium salt held in the corresponding 
part of the flame opposfte to the assay. Through the 
thinnest layers of the solution the lithium flame appears 
redder than the pure potassium flame ; through thicker 
layers the flames appear equally red, when the proportion 
of lithium to potassium is very small. If lithium pre- 
dominates in the assay the intensity of the red flame 
diminishes rapidly as the prism 1s moved; whilst the pure 
potassium flame is scarcely weakened at all. In this way 
a thousandth part of lithium in a potassium salt can be 
detected. Sodium, when not present in very large ex- 
cess, modifies these effects but slightly [No. 59]. 

Potassium and lithium are not likely to be confounded 
with strontium, if the assay be treated as described under 
potassium, since strontium compounds are not vola- 
tilized at the low temperature thus obtained. 


MWI—THE ALKALINE EARTHS. 

The assay is repeatedly moistened with sulphuric acid, 
dried and placed in the hottest part of the mantle. After 
all alkalis are volatilized the following reactions appear : 

52. (a) Barium affords a yellowish-green flame colour, 


1 Bunsen, doc. ctt. 
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which, through green glass, appears bluish-green. If the 
green gives place to a red flame colour (calcium, brick-red ; 
strontium, scarlet-red) the assay is repeatedly moistened 
with hydrochloric acid and brought, whilst still moist, 
into the hottest part of the flame. If no bluish-green 
colour appears when viewed through green glass, even 
when the assay is spitting, the examination for calcium 
is proceeded with. 

53. (b) Calcium gives a ycllowish-red flame colour, 
which during the spitting of thaassay (¢e. when the last 
portion of hydrochloric acid is disappearing), appears finch- 
green through green glass. Strontium gives under these 
circumstances a momentary faint-yellow colour [ No. 29 |. 

54. (c) Strontium is known by the purple to rose 
colour which appears through blue glass as the assay spits 
in the flame after being moistened with hydrochloric acid. 
Under the same conditions calcium gives a faint greenish- 


grey [No. 53]. 
IV—COPPER. 


55. Copper Chloride [No. 40] gives a sky-blue flame 
colour ; the nitratg yields a pure green one. All doubt- 
ful cases can be solved by the combination of the two 
reactions [No. 69]. | 


56. The remaining flame-colouring elements, as arsenic, 
tin, lead, mercury, and zinc, afford, especially as chlorides, 
more or less intense bluish to greenish mantle colours, 
which, however, are of no great value in analysis. As a 
rule the appearance of these colours can be prevented by 
moistening with sulphuric acid. Itis best, however, to expel 
on charcoal the thetals which give an incrustation, before 
testing for alkalis or alkaline earths by flame-colouration. 
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57. In order to detect the alkalis in silicates it is suff- 
cient to decompose the assay on platinum wire with some 
pure gypsum. If, on the contrary, the alkaline earths are 
sought for, the decomposition must be effected by means 
of sodium carbonate. The substance is fused with the 
reagent in a platinum spoon, the fused mass extracted 
with water, and the residue treated with hydrochloric acid, 
when silicic acid separates out, the solution being ex- 
amined in the flame. 


EXAMINATION WITH REAGENTS. 
Reactions with Sodium Carbonate. 


58. In addition to its employment for the reduction of 
metallic oxides as described in par. 23, sodium carbonate 
is also applied in the fused condition to certain substances 
which under this treatment yield compounds which are 
fusible in some instances, and infusible in others. The 
substance in a finely powdered condition is mixed with 
the carbonate, moistened slightly, and placed in a cavity 
made in the charcoal. It is then heated, first gently, to 
expel the moisture, and afterwards as strongly as possible. 

The following oxides cause effervescence and yield 
fusible compounds : 

St/ica fuses to a transparent glassy mass, which remains 
clear on cooling if the carbonate has not been added in 
too great excess [No. 51]. 

Titanium dioxide fuses and gives a glass which is dark 
yellow when hot; on cooling this becomes turbid and 
crystalline. . 

Tungsten trioxide and Molybdenum trioxide are absorbed 
by the charcoal after expulsion of the carbonic acid 
[Nos. 20 and 16]. 
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Tantalum dioxide, Vanadium pentoxide and Niobium 
pentoxide, also form fusible compounds and sink into 
the charcoal. 

Besides these oxides, darium and strontium salts form 
fusible compounds with sodium carbonate, and are 
absorbed by the charcoal. zme, magnesia, alumina, 
zirconia, thoria, yttria, and beryliia, as well as cerium 
and uranium oxides, are not attacked ; they remain behind 
unchanged whilst the carbonate of soda sinks into the 
charcoal. 

59- Sodium carbonate is also used for the detection of : 

(a) Sulphur, Selenium, and Tellurium compounds, which 
give with it a fused mass, yielding a black or brown stain 
when laid on a silver coin and moistened [No. 71]. 

(b). Afanganese and Chromium, which, with the carbon- 
ate alone, or better with addition of nitre, yield coloured 
masses. Manganese compounds yield a green mass of 
manganate, whilst the chromium compounds give a yellow 
mass of chromate [Nos. 62 and 17}. 

A detailed account of‘all the reactions obtained with 
sodium carbonate is given at the end of the book in the 
table on the behaviour of the metallic oxides. 


Reactions with Cobalt Solution. 


60. Substances which, after heating in the oxidizing 
flame on charcoal appear white, or almost white (see par. 
21), are moistened with a solution of cobalt nitrate and 
again strongly heated. If the substance is porous enough 
to absorb the liquid it is moistened with a drop of the solu- 
tion, and brought into the flame in the platinum forceps. 
In other cases it*is pulverized, moistened with a drop of 
tHe solution, and placed in a cavity in the charcoal and 
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heated. The colour is only seen with certainty on cool- 
ing and in the daylight. 

Amongst the earths alumina and magnesia give specially 
characteristic reactions ; a blue colour of greater or lesser 
purity, but without lustre, indicates alumina [No. 21], a 
fiesh-red colour indicates magnesia [No. 55]. These re- 
actions are obscured by the presence of coloured metallic 
oxides which as a rule give grey or black masses. It is 
to be observed that some silicates, borates, and phos- 
phates, yield blue colours on heating with cobalt solution ; 
the salts of these acids“with the alkalis form fusible 
masses, whilst the salts of the earths are infusible. 

Of the heavy metals, zinc and tin compounds yield 
characteristic colourations. «The assay is first heated in 
the reducing flame on charcoal, the incrustation formed is 
then moistened with the solution, and carefully ignited in 
the oxidizing flame. Zinc oxide gives a beautiful yellow- 
ish-green mass ; with tin oxide the product has a bluish- 
green colour [Nos. 10 and 9]. 

Besides the above-mentioned bodies there are others 
which when ignited with cobalt solution exhibit a change 
in colour; the colouration being, however, not sufficiently 
characteristic to serve for their detection. These are in- 
cluded in the following tabular view: 

The colour produced is 
Blue : Alumina ; beautiful blue, infusible. 

Silica and Silicates; faint bluish; with large 
excess of cobalt solution black. Thin splint- 
ers fuse in the hottest flame to reddish-blue 
glass. 

Phosphates, Silicates, and Borades of the alkalis 
give a blue glass. 
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Green: Zinc oxide; 
Titanium dioxtde ; 
Tin oxide; bluish-green. 
Antimony oxide; dirty green. 
Flesh-red: AZagnesia; pale flesh-red. 
Tantalum dioxide; hot, light grey, cold, flesh- 
red. 
Violet: Zirconia; dirty violet. 
Magnesium Phosphate and Arsenate fuse and 
become violet-red. 
Brown: Saryta, hot, reddish-brown ; cold, colourless. 
Grey: Beryllia ; light bluish-grey. 
Niobium pentoxide; brownish-grey. 
Lime, grey. : 
Strontia; dark-grey to black. 


\ yellowish-green. 


Reactions with Sodium Hyposulphite (Thiosulphate}. 


61. All the metals precipitated by sulphuretted hy- 
drogen in the wet way yield the sulphide reaction in the 
dry way when the substance is heated with powdered 
sodium hyposulphite. The reagent may be applied to a 
borax bead, in which the substance is already dissolved, 
the pearl being then heated in the reducing flame. This 
method has, however, the disadvantages that easily 
volatile substances, such as arsenic and mercury com- 
pounds, afford no reaction, and that the colour im- 
parted to the bead by the sulphide formed may easily 
be mistaken. Hence it is better to heat the powdered 
substance with the reagent in a glass tube closed at 
one end. After the decomposition of the hyposulphite, 
which is easily recognized by the odour of sulphuretted 
hydrogen produced, the cflour of the fused mass, due 
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to the sulphide formed, is very readily seen. In many 
cases the reaction is accelerated by the addition of a 
small quantity of oxalic acid. 

As the hyposulphite contains a considerable amount of 
water of crystallization, the greater portion of this should 
be previously expelled, or the glass tube should be held 
horizontally to prevent cracking, and have its mouth 
stopped with a little cotton wool on first heating. 

The sulphide reactions of the metals are given in the 
following table, together with the borax reactions. The 
two methods supplement each other exceedingly well : 


crtfa sthersitg UOAmE ThE LINTON Os tmp ou mttee ene. untyne Sewn: tpn anmaret ee — aan ne een eee 


5 ie i 
‘ | Reaction with Borax on Platinum | 
Reaction | Wire (the bead cold). 











Metallic Oxide. with | epuesaneemeemmenscnen roan neo oe | 
NagS20s. \Oxidizing Flame.| Reducing Flame. | 
cee sateen eating se amg ak 1 satppenini i Sat ioe, escaint iti ninjieamibintintcaicbaaeminbeiieiticm 
Antimony oxide | red | colourless "grey to colourless, | 
Arsenic 9 yellow — : — 
Bismuth ‘s black colourless grey to colourless, | 
Cadmium _,, yellow ‘5 - 
Chromium _,, green grass-preen emerald-green, | 
Cobalt = black blue blue, 
Copper 3 2 ; bluish-green — brown. 
Gold ‘ 93 i reduced witho ut dissolving. 
{ron as 7 | yellow . bottle-green 
Lead 9 ' colourless grey to colourless. ; 


*? 
Manganese ,, | light green | reddish-violet , colourless. | 
Mercu re black — — 
Molybdenum,, | brown ‘colourless =| brown, 

| 








Nickel sy | black | reddish-brown! grey to colourless 
Platinum __,, - reduced witho ut dissolving. 
Silver es - | colourless | grey to colourless. | 
Thallium _,, - | es | colourless. 

Tin ve brown | ss - 

Uranium _,, black | yellow | bottle-green, 

Zinc »» | white colourless _—_| grey to colourless, 


‘ ‘ 
Saal eenstea eel eatnitendiieielieimatimnten table bietteenns meee nana ene aaiietiade see aaa hee 
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Reactions with Acid Potassium Sulphate or Concentrated 
Sulphuric Acid. ° 


62. For the detection of volatile acids a small quantity 
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of the substance is heated with acid potassiiim sulphate 
or with concentrated sulphuric acid (in the latter case, 
however, not to the boiling point of the acid), and the 
following appearances are looked for: 


(1) A coloured gas is evolved. 

(a) Nitrous fumes, known by their reddish-brown colour 
and characteristic odour; evolved from nitrates and 
nitrites. With nitrates the reaction is promoted by the 
addition of copper filings. 

(b) Chlorine tetroxide ; yellgwish-green, smelling like 
chlorine, bleaching lhtmus paper, and explosive. The 
tetroxide is produced from chlorates by this treatment.’ 

(c) Zodine, from iodides, is known by its violet 
vapours, which colour papér smeared with starch-paste 
blue. JIodates! give this reaction after the addition of 
ferrous sulphate. 

(d) Bromine; reddish-brown vapour, with pungent, 
unpleasant odour, and turning starch-paste yellow; 
yielded by bromides and bromates. The colour of the 
vapour is best seen on looking down the tube. 


(2) A colourless odorous gas is evolved. 

63. (a) Sulphur dioxide, from sulphites and poly- 
thionates, is easily known by its odour. 

(b) Aydrochloric acid, from chlorides, known by its 
odour and by the cloud of ammonium chloride which is 
formed when a glass rod moistened with ammonia solution 
is held near to the tube. 

(c) Aydrofluoric acid, from fluorides, has a very pung- 
ent odour and strongly corrodes glass. 


The chlorates” jodates, and bromates detonate when heated on 
charcoal, 
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(d) Sulphuretted hydrogen, from sulphides, blackens 
paper moistened with lead acetate. 

(e) Cyanic acid, ftom cyanates, has a characteristic pun- 
gent odour; it brings tears into the eyes, and renders 
lime-water turbid. 

(f) Acetic Acid, from acetates, is known by its pungent 
odour, and also by yielding fragrant acetic ether on heat- 
ing with sulphuric acid and alcohol. 


(3) A colourless odourless gas is evolved. 

64. (a) Carbon dioxide js expelled from its salts with 
effervescence ; it renders lime-water turbid. 

(b) Carbon monoxide, which burns with a bluish flame, 
may arise from oxalates, formates, cyanides, ferrocyanides, 
ferricyanides. 

(c) Chromic acid evolves oxygen, and the liquid turns 
brown or green. 

(d) Organic acids, recognized by the blackening due to 
the separation of carbon. 


The acids which cannot be detected by the above 
methods, though easily detected in other ways, are: 
sulphuric, phosphoric, arsenic, boric, silicic, tungstic, 
molybdic, and titanic acid. With respeet to the three 
last named see par. 65. 


Reactions with Zinc and Hydrochloric Acid after previous 
Decomposition. 

65. A mixture of sodium carbonate and nitre is added 
to the finely powdered assay, the mass is moistened 
slightly, and placed in a little spiral from about 2 to 3 mm. 
in diameter formed at the end of a very fine platinum 
wire. After fusing for a short time, the glowing mass is 
thrown off into a porcelain dish, and digested with a little 
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water in atest tube. Afterwards a few drops of hydro- 

chloric or sulphuric acid are added, and a strip of zinc 

is brought into the solution. By the reducing action of 

the nascent hydrogen formed, various colours are pro- 

duced as exhibited in the following list : 

Molybdenum trioxide; blue, then green, finally blackish. 

~ brown. 

Tungsten trioxide ; blue, then copper-red. 

Vanadium pentoxide ; blue, then green, finally violet. 

Niobium pentoxide; blue; often also brown (with strongly 
acid solution). i 

Chromium trioxide ; green. 

Titanium dioxide, violet. 
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APPENDIX TO CHAPTER II. 
FLAME REACTIONS. 


66. Bunsen! has shown that almost all reactions 
which can be performed by means of the blowpipe can 
be accomplished with far greater ease and precision in the 
non-luminous flame of the gas-burner 
invested by himself. This burner, 
the upper part of which is shown 
in Fig. 14, is furnished with a hoop 
near the bottom for closing and 





b opening the air-holes there situated. 
4 The conical chimney, dda/, is made 
| na of such a size that the flame may 
| b ry burn quite steadily. This flame, 
' + 4.1.23 also shown in the figure, consists 
dd Lf | | d of the dark cone, aaaa', the flame 
= pp mantle, aeab, and the luminous 
“aM ii---= point ada, not seen when the air- 
a re holes are fully opeh, but obtained 
d pe - @ on closing these holes up to a 
f os certain point. The following six 
a points in the flame are used in 

FG. 314. 


the reactions : 

(1) Zhé base of the flame at a, where the lowest temper- 
ature exists, is specially employed to heat mixtures so as to 
obtain the flame-colouration due to the most volatile only. 

(2) The zone of fusion at B constitutes the hottest part 


1 Aan, Chem, Pharm., oxxxviii, 257. Phil. Mag., [4] xxxii. 61. 
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of the flame, and hence it is used in testing the fusibility 
and volatility, &c. of substances. 

(3) Zhe lower oxidizing flame at y, in the outer margin 
of the zone of fusion, is especially suitable for the 
oxidation of substances dissolved in beads of fused salts. 

(4) Zhe upper oxidising flame at ¢ is available for the 
roasting and oxidation of all substances which do not 
require an excessively high temperature. This acts most 
powerfully when the air-holes are quite open. 

(5) Zhe lower reducing flame at 5, on the inner edge of the 
mantle, next to the dark central*cone. The reducing action 
of this part is not of the strongest; but it is specially avail- 
able for reductions on charcoal, and in beads of fused salts. 

(6) Zhe upper reducing flame at y is formed above the 
dark cone when the admission of air is lessened by the 
gradual closing of the air-holes. If the luminous point is 
made too large soot is deposited on the objects placed 
within it; this ought never to occur. This part is especi- 
ally available for reducing metals when it is desired to 
collect them in the form of filins. 

67. The following materials are used as flame supports : 

(1) Platinum wire; this must scarcely exceed the 
thickness of a horse-hair, and one decimeter in length 
of the wire should not weigh more than o°034grm. It 
serves for investigations on fusibility, volatility, and flame- 
colouration, and also for examinations with borax, micro- 
cosmic salt and sodium carbonate. 

(2) Asbestos fibre is used in place of platinum wire 
when the latter would be attacked by the substance under 
examination; the threads must not be more than one 
quarter the thickness of a lucifer match. In taking up 
the substance the asbestos is slightly moistened. 

(3) Charcoal splinter, which serves as a substitute for 
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charcoal, is prepared by breaking off the head of a lucifer 
match and smearing over the rest of the match with a 
crystal of sodium carbonate partially fused by holding it 
near to the flame ; the match is then held in the flame 
and slowly rotated. A charcoal splinter is thus obtained 
which is partially protected from burning by its coating 
of fused sodium carbonate. 

(4) Glass tubcs, about 3 mm. wide, and 30 mm. long, 
and closed at one end. 

When substances have to be held a long time in the re- 
ducing flame, it is convenient to use a Bunsen’s stand, which 
is provided with horizontal clips and arms, moveable, hori- 
zontally and vertically, on the vertical support. The arms 
carry small glass tubes supporting platinum wire or as- 
bestos fibre, and the clips are used for holding test-tubes. 

68. In addition to the reagents described in par. 5, the 
following are employed in the Bunsen flame reactions : 

Stannous chloride solution, which should be kept in a 
well-stoppered bottle, in contact with a little metallic tin, 
to prevent the formation of stannic chloride which is 
useless for the purpose required. Stannous chloride is a 
strong reducing agent and serves for distinguishing films 
and to detect gold, molybdenum, tungsten, &c. 

Caustic soda solution also serves for distinguishing films, 
and is further employed in testing for cobalt, nickel, tin, &c. 

Silver nitrate, in perfectly neutral solution, serves for. 
distinguishing films and in the detection of chromium and 
vanadium. 

fuming hydriodic acid, which, together with phosphorous 
acid, is formed by the action of moist air on phosphorus tri- 
iodide. For the preparation of the phosphorous iodide 
eight parts of iodine are added to one part of phosphorus in 


a teet tube Alled with rarhan Ainvide and after the ionitinn 
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has ceased the mass is heated to fusion. The tube is 
then carefully closed, and when the mass has solidified, 
it is placed in a shallow, wide-necked, well-stoppered glass 
bottle. ‘To use the reagent a film produced on the out- 
side of a porcelain dish is held over the open mouth of 
the bottle, when, by the action of the gaseous hydriodic 
acid, iodine compounds are formed. Ifthe reagent ceases 
to fume, some dry phosphoric acid is added. 

The iodine compounds can also be produced by burn- 
ing iodine tincture (solution of iodine in alcohol) on as- 
bestos and holding the film ovér the flame. By this treat- 
ment the film sometimes receives a brown colouration, 
which, however, can be easily removed by warming gently. 

Ammonia and Aminoniuut sulphide are employed in 
various tests, especially in the examination of films. 

Bromine, preserved in a wide-necked, well-stoppered 
bottle, is applied by holding substances in the vapour 
evolved from it. Bromine vapour in the presence of 
water acts as an oxidizing agent. 

Potassium ferrocyanide solution serves for the detection 
of iron, copper, and molybdenum. 

Lead acetate (sugar of lead) is used for the detection 
of chromium. * 

Bismuth nitrate serves for the detection of tin. 

Acetic acid is used in testing for chromium, vanadium, 
manganese, and uranium. 

Mercuric cyanide serves for the detection of palladium, 
and 1s used but rarely. 

Aqua-reeta, 2 mixture of hydrochloric: and nitric acids, 
is employed in testing for gold, platinum, &c. 

Only very sinall quantities of the substance to be ex- 
amined are employed. Decrepitating substances are 
ground to the finest powder and taken up on a smail piece 
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of moistened filter paper about a square centimeter in size. 
When this paper is carefully burnt between two rings of 
fine platinum wire, the assay remains behind as a compact 
crust which can then be treated in the flame without any 
difficulty. 
METHOD OF EXAMINATION. 
A. Behaviour on Heating. 

69. On heating the substance the following appearances 
may be looked for: . 

(1) Whether the substance becomes /uminous when 
brought into the hottest part of the flame. 

(2) Whether the substance fuses, and whether at a 
higher or a lower temperature. It should be here noted 
whether the assay intumesces, changes colour, or de- 
creases in volume, or becomes transparent after cooling. 

(3) Whether the substance voduti/izes, and emits an 
odour. 

(4) Whether the substance colours the flame. ¥Flame- 
colouring substances when brought into the upper reduc- 
ing flame produce a colouration in the upper oxidizing 
flame. Mixtures of flame-colouring substances are first 
held im the lowest and coldest part of the flame so that the 
more easily volatile constituents are first vaporized. 


B. Oxidation and Reduction. 

70. (1) Beads. Oxidation and reduction in beads are 
effected by holding the bead, supported on platinum wire, 
in the lower oxidizing or lower reducing flame respectively. 

(2) Reductionin small glass tubes. The perfectly 
dry substance is heated with sodium carbonate and carbon 
(soot from oil of turpentine) or with metallic sodium 
or magnesium in a thin tube closed at one end, about 3 
mm. wide and 3.cm.long. Thesodium is wiped free from 
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petroleum with filter paper, rolled betweeen the fingers to 
a small cylinder, and then placed in the midst of the 
substance within the tube. Magnesium is employed in 
the form of small pieces of wire. The small tube is then 
heated up to the fusing point of the glass, when the mass 
usually becomes incandescent. After cooling, the tube 
is crushed in order to apply further tests to the contents. 
(3) Reduction on charcoal splinter. The sub- 
stance in powder is made into a paste with a drop obtained 
by fusing a crystal of sodium carbonate, and the pasty mass, 
which must be about the size of a mustard seed, is first fused 
in the lower oxidizing flame, and afterwards it is brought 
into the hottest part of the lower reducing flame lying just 
opposite. After reduction has taken place, known by the 
violent effervescence of the mass, the assay is allowed to 
cool by lowering it into the dark kernel of the flame. ‘The 
end of the splinter is then cut off, ground down with a 
few drops of water in an agate mortar, and the product is 
examined in the usual way after washing off the charcoal. 


C..Films on Porcelain. 

71. Those volatile elements which are reduced by 
hydrogen or carbon can be deposited from their com- 
pounds as films on porcelain either in the elementary state 
or as oxides. Such deposits can be easily converted mto 
iodides, sulphides, and other compounds, exhibiting 
characteristic appearances. The deposit consists in the 
centre of a thick incrustation, which gradually thins out 
on all sides until the merest tinge exists; it is therefore 
necessary to distinguish between the “thick” and “thin” 
parts of the deposit. These reactions are so delicate that 
in many cases o*z to 1 mgr. is sufficient to produce them. 

The following films are produced : 

(a) Metalic films. ‘These are obtained by holding 
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with one hand a particle of the substance on an asbestos 
fibre in the upper reducing flame, which must not be too 
large, whilst the other hand supports a thin porcelain dish 
from 10 to 12 cm. in diameter, filled with water, close 
over the assay in the upper reducing flame. The metal 
separates out as a black film which may be either dull 
or lustrous as the case may be. On adding a little dilute 
nitric acid, containing about 20 per cent. of acid, to these 


films the following reactions occur: 
Lead. 


: ; “de mium. 
Film dissolves immediately. . . . . . a 


Indium. 
Bismuth. 


Film dissolvesslowly. . % . . . . . Peace 
Thallium. 


Tellurium. 


ae Selenium. 
Filmisinsoluble . . . . . . .. . Antimony. 


Arsenic. 

(b) Oxide films. The porcelain dish is now held in 
the upper oxidizing flame, the operation in other respects 
being conducted as in the production of the metallic film. 
The oxide film is tested: (2) with stannous chloride 
alone; (4) with stannous chloride and subsequent ad- 
dition of caustic soda; (¢) with neutral silver nitrate 
solution followed by a current of ammoniacal air.’ 

(c) Lodide films. These are obtained by breathing 
upon oxide films and then holding them over a vessel 
evolving fumes of hydriodic acid. The iodide film is 
further tested (2) by breathing moist air on to it, and (4) 
by blowing ammonia fumes upon it. 


1The ammonia fumes are best applied by using a small wash-bottle 
containing ammonia‘solution, in which the blowing-tube dips under the 
liquid whilst the jet tube begins just beneath the cork, 
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(d) Sulphide films are obtained from the iodide films 
by directing upon them a stream of air charged with 
ammonium sulphide, and removing the excess of ammon- 
ium sulphide by gently warming the porcelain vessel. 
The film is tested as to its solubility (a) in water by breath- 
ing upon it or adding a drop of water ; (4) in ammonium 
sulphide, also by blowing or dropping. 


REACTIONS OF THE ELEMENTS. 


72. The substances which can be recognized by their 
flame reactions are arranged fm the following groups ac- 
cording to their behaviour under oxidation and reduction: 

(A) Reducible to metal and deposited as film 
on porcelain : 

1. Film scarcely soluble in cold dilute nitric acid 
(containing about 20 per cent. of acid): Zéelurium, 
selenium, antimony, arsenic. 

2. Film soluble with difficulty only in cold dilute nitric 
acid ; Bismuth, mercury, thallium. 

3. Film immediately dissolved by cold dilute nitric 
acid : Lead, cadmium, sinc, tndium. 

(B) Reducible to the metallic state but giving 
no film : : 

1. Not fusible to a bead after reduction: (2) magnetic 
metals : /ron, nickel, cobalt, (b) non-magnetic: Palladium, 
platinum, rhodium, tridium. 

2. Fusible to a bead after reduction : Copper, tin, as 
gold. 

(C) Elements most easily detected by the 
reactions of their compounds : 

Molybdenum, tungsten, titanium, tantalum, ae 
chromium, vanadium, manganese, uranium, silicon, sulphur, 
phosphorus. 
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43. (A) ELEMENTS WHOSE COMPOUNDS ARE REDUCEI 


Element Film. | Oxide Film. 


Black, thin 


Te) cim brown. 





meeete rea 


Cherry-red, 
thin film 
brick-red. 


Se. 


Black, thin 


Sb film brown. 


Black, thin 


As film brown. 


Black, thin 
Bi. {film brown- 


ish black, 


Grey non- 
coherent 
thin film. 


emcee oy eet 


Hg. 


Canned 





T} Black, thin 
: pe brown. 


S ennameaad 


Black, thin 


Pb. film brown, 


— 


Black, thin 
film brown. 





Black, thin 


film brown. 


Black, thin 
film brown, 


The reactions of these bodies are 
















































































. Oxide Film er ee 
Oxide i Oxide Film with Todi 
with Sn0],,| Witt Salle | AgNO, and NEKO. odide Film. 
; ‘al, | Brown; disappea 
White. | Black, | Black. |, White ' Yelifor a time < 
OMe acaba 
Brick | Brown ; does ni 
White. a Black. | White. wholly — disappe: 
Tees [on breathing, 
SE SE RE 
Orange-red to ye 
White. | White. | White. Black, insoluble | Or disappears ¢ 
in NH,HO. breathing. 
Lemon - yellow Orange - yelloy 
White. | White. | White, | or brownish red; | disappears for 
sol, in NH,HO, | time on breathing 
TOEEOEORC EM (CRN rE SEER, Pee ee ee ae 
Bluish ads th 
Yellowish ; : parts pink; disa. 
white. White, | Black, | White. | pears for a time ¢ 
| breathing. 
| | Carmine-coloure 
jand lemon-yelloy 
| does not disappe: 
on preathing. 
| Lemon - vellenk 
White. | White. | White. | White. « |does not disappe: 
| (on breathing, 
| 
Light | Orange- yellow | 
ochre- | White. | White. | White. lemon colour; do 
ellow. not disappear ¢ 
y breathing. 
Black to White; turns 
brown,thin| White. | White. | bluish - black in| White. 
film white. the thin parts. 
White. | White. | White. } White. | White. 
Yelowish | white.| White. | White. Yellowish-white, 
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TO METAL, FORMING A FILM ON PORCELAIN. 


collected in the following table. 





Todide Film 
with NBy, 


co eed 


Disappears al- 
together. 


a 


Does not dis- 
appear, 





Disappears al- 
together. 


Ca oa ere eaten a cre ee Tae ra 


Disappears al- 
together, 


o 





terme 


Pink to orange 
yellow ; becomes 
chestnut - brown 
in air current. 





Disappears for 
a time. 





Does not dis- 
appear. 


a a Eee ey 


Disappears for 
a time. 


White. 


White. 





Yellowish white, 


ae We erpetgbeenee 


t 
FP Upper name cymandanen aoa ins piheneanenn me: 


Sulphide Film. 





Black to black- 
ish brown, 


rere. 


Yellow to orange. 


aN rm: ernment vane 


Orange. 


Lemon-yellow. 


mmm detetene eerie 





Burnt - umber, 
thin parts coffee 
brown, 


Black, 





Black, tgin film 
bluish-grey. 





Brown-red to 
black, 


Lemon-yellow, 


cmnamnemmntnaliniadoetenannie hemman aon ooteeeea ned 


White. 





White. 





Sulphide Film 
with (H8,),8. 


Disappears for 
a time, 


Orange; disap- 
pears for a time. 


Disappéars for 
a time. 


Disappears for 
a time, 





Does not dis- 
appear. 


Does not dis- 
appear, 


Does not dis- 
appear, 


Does not dis- 
appear, 


Does not dis- 
appear. 


ee ee. 


appear. 


ened 


Dees not dis- 
appear, 


nee 





Does not 7 


Flame Colouration. 


AOpen. reducing reducing }). 
flame pale blue; up- 
per oxidizing flame 
green, No odour. 


rn ean tecinte easement naman 


Cornflower blue, 
Odour of rotten 
horse-radish, 


Upper redaning 
flame pale green- 
ish, No odour. 








Upper ener reducing 
flame pale blue, 
Odour of eo ees, 2 


Bluish; not char- 
acteristic. 


Light grass-green. 


Light-blue, 


enn Nr te Att ELC OCEAN 


Intense 
blue, 





indigo- 





alt 
dilat 


asf 
: 


salut 
in 


. ey 
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(B) ELEMENTS WHOSE COMPOUNDS ARE RE- 
‘DUCED TO THE METALLIC STATE, BUT GIVE 
NO FILM. 


1. METALS NOT FUSED TO A BEAD AFTER 
REDUCTION. 


a. Magnetic Metals. 


74. Ironcompounds. Reduction on charcoal splinter. 
No metallic bead or glistening spangles; after grinding the 
reduced mass in an agate mortar, the particles of iron may 
be collected as a non-lustrous brush on the end of a 
magnet. The particles on paper give yellow stains when 
moistened with a drop of aqua-regia, and warmed over 
the flame ; the yellow stains become deep blue on moisten- 
ing with potassium ferrocyanide. The paper should be 
previously tested for iron. 

Borax bead. Oxidizing flame; ot, yellow to brownish- 
red; cold, yellow to brownish-yellow. Reducing flame, 
bottle-green. 

75- Nickel compounds. eduction on charcoal 
spligter. White, glistening, ductile, metallic spangles which 
form a brush on the magnet. The metal moistened on 
paper with nitric acid gives a green solution, which on 
treatment with soda, exposure to bromine vapour, and 
subsequent addition of caustic soda, gives a black stain of 
nickel peroxide. 

Borax bead, Oxidizing flame, dirty violet; upper re- 
‘ducing flame, grey from the separation of metallic nickel, 
which often unites to form a silver-white nickel sponge, 
whilst the bead becomes colourless. 
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76. Cobalt compounds. eduction on charcoal 
splinter. White, glistening, ductile, metallic spangles, 
which form a brush on the magnet. The metal when 
moistened on paper with nitric acid gives a red solution, 
which, on addition of a little hydrochloric acid, and dry- 
ing, gives a green stain; on moistening, the green stain 
again disappears. On treatment with caustic soda 
solution and bromine vapour, a brownish-black spot of 
peroxide is obtained as in the case of nickel. 

Borax bead. In both flames deep blue. 


b. Non-Magnetic Metals. 


77, Palladium Compounds. On platinum wire 
with sodium carbonate, In the upper oxidizing flame 
palladium compounds are reduced to a grey mass like 
platinum sponge which yields silver-white, glistening, 
ductile metallic spangles, on grinding in an agate mortar. 
After washing and drying, the scales dissolve in nitric 
acid with a reddish-brown colour. On adding a drop 
of mercuric cyanide, and blowing ammoniacal air upon 
the solution, a white flocculent precipitate is obtained 
which dissolves on adding a little ammonia solution. 

78. Platinum compounds. .Ox platinum wire 
with sodium carbonate. In the upper oxidizing flame 
platinum compounds are reduced to a grey spongy mass 
which yields silver-white, glistening, ductile, metallic 
spangles, on grinding in an agate mortar. These are 
not soluble in nitric or hydrochloric acid, but dissolve 
readily in aqua-regia. If the platinum is pure, the 
solution has a light-yellow colour; if palladium, rhodium, 
or iridium is present, the solution is brownish-yellow. The 
solution gives no white flocculent precipitate with mercuric 
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cyanide and ammoniacal air, but a light-yellow crystalline 
precipitate of ammonium platinum chloride falls down. 

79. Iridium compounds. On platinum wire with 
sodium carbonate. Yn the upper oxidizing flame iridium 
compounds are reduced to a metallic powder, which 
is neither lustrous nor ductile when rubbed in the agate 
mortar. The powder is perfectly insoluble, not only in 
nitric and hydrochloric acids, but also in aqua-regia. 

80. Rhodium compounds. These can only be 
distinguished from iridium compounds by fusing the 
reduced metallic powder, with acid potassium sulphate, 
when the metal is partially oxidized, and a rose-red 
solution is obtained. ; 

8x1. Osmium compounds. In the oxidizing flame 
these give volatile osmium tetroxide, possessing a chlorine- 
like odour, and attacking the eyes powerfully. 


2. METALS FUSED TO A BEAD AFTER 
REDUCTION. 

82. Goldcompounds. eduction on charcoal splinter 
with sodium carbonate. A shining yellow ductile metallic 
bead is obtained, giving gold-like spangles in the mortar. 
These are insoluble in hydrochloric or nitric acid, but 
dissolve in aqua-regia to a light-yellow solution, which, 
when taken up on filter paper and moistened with stannous 
chloride, yields “ purple of Cassius.” 

83. Silver compounds. Reduction on charcoal 
splinter with sodium carbonate. A white ductile bead is 
obtained which dissolves in nitric acid on warming gently. 
The solution gives with hydrochloric acid a curdy white 
precipyate, insoluble in nitric acid, but soluble in ammonia. 

84.:Copper compounds. eduction on charcoal 
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splinter with sodium carbonate. A copper-red ductile bead 
is obtained which dissolves to a blue solution in nitric 
acid. If to a little of the solution, taken up on filter 
paper, a drop of potassium ferrocyanide be added, a brown 
stain is obtained. 

On platinum wire with borax. A blue bead is obtained 
which becomes reddish-brown in the lower reducing flame 
on the addition of a little tin oxide, from the formation of 
cuprous oxide. By alternate oxidation and reduction, a 
transparent ruby-red bead is formed; this is best obtained 
when the reduced bead is allowed to oxidize slowly. 

85. Tin compounds. On charcoal splinter. White 
lustrous ductile bead, soluble in hydrochloric acid, and 
converted by nitric acid into insoluble stannic oxide. 
The solution gives a black precipitate with bismuth nitrate 
and excess of caustic soda. 


(C) ELEMENTS MOST EASILY DETECTED BY 
THE REACTIONS OF THEIR COMPOUNDS. 


a. Metallic Substances. 


86. Molybdenum compounds. Oz charcoal 
splinter. Reduced'with difficulty to a grey powder. 

Borax bead (little characteristic). In the oxidizing 
flame the bead is at first colourless; as the point of 
saturation is approached a bluish enamel is obtained. In 
the reducing flame the bead becomes dark from the 
separation of molybdenum oxide. ‘ie 

Special Reactions. The finely-powdered swbstance is 
mixed to a paste with sodium carbonate obtained from 
a fused crystal of the substance; the mixture is fusedy’on 
a platinum spiral of about 2 to 3 mm. in diameter, inthe 


74 BLOWPIPE ANALYSIS. [87 


lamp flame, and the white-hot fused mass is struck off, and 
dissolved in a few drops of warm water. The supernatant 
clear liquid is taken up on a strip of filter paper, with 
which the following reactions are obtained: hydrochloric 
acid, and then potassium ferrocyanide, give a reddish- 
brown stain; stannous chloride, added gradually, produces 
either directly or on warming a blue colour; ammonium 
sulphide gives a brown colour, and after addition of hydro- 
chloric acid, a brown precipitate is produced, whilst the 
paper around the precipitate is often coloured blue. 

87. Tungsten compounds. These compounds 
are fused on a platinum spiral in the same way as the 
molybdenum compounds, and the aqueous solution Is 
taken up on filter paper. Hydrochloric acid and potas- 
sium ferrocyanide produce no colouration. Ammonium 
sulphide alone or with the addition of hydrochloric acid 
gives no precipitate. The paper, however, becomes blue or 
greenish-coloured in the latter case, especially on warming. 

88. Titanium compounds. JAficrocosmic bead. 
Oxidizing flame, colourless; reducing flame, faint amethyst 
colour. On addition of a little ferrous sulphate, the bead 
in the lower reducing flame assumes the peculiar red 
colour of venous blood. : 

With sodium carbonate on platinum wire. Titanium 
compounds dissolve, and form beads colourless and trans- 
parent whilst hot, and opaque when cold. The hot bead 
moistened with stannous chloride, and treated in the lower 
reducing flame, becomes grey-coloured, and dissolves in 
hydrochloric acid on warming with a faint amethyst colour. 

Tantalum and niobium compounds. These 
behave like the titanium compounds. _ 

89. Chromium compounds. Oz the platinum 
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spiral with sodium carbonate. Fused with repeated 
additions of potassium nitrate, chromium: compounds 
give a light-yellow mass, which gives a light-yellow 
solution with water. This solution separated from the 
residue, acidified with acetic acid, and taken up on filter 
paper, gives a yellow precipitate with lead acetate, and a 
reddish-brown one with silver nitrate solution. On 
addition of ammonium sulphide or stannous chloride, or 
by evaporation with aqua-regia, the colour of the solution 
changes from yellow to green. 

Borax bead. In both flames the*bead is emerald green. 

go. Vanadium compounds. /latinum spiral 
with sodium carbonate and nitre, A yellowish fused mass 
is obtained. When dissolved and acidified with acetic 
acid silver nitrate gives a yellow precipitate. The solu- 
tion evaporated with aqua-regia does not give a green 
liquid, but a yellow or yellowish-brown one, which by the 
addition of stannous chloride becomes blue. 

Borax bead, Oxidizing flame, greenish yellow; reducing 
flame, green. 

gt. Manganese compounds. Jorax bead. Oxi- 
dizing flame, amethyst colour ; reducing flame, colourless. 

Platinum spiral,’with sodium carbonate and nitre. A 
green mass is obtained, giving a green solution with water, 
which, on acidifying with acetic acid, becomes red, and 
then often turns colourless, with separation of brown flakes. 

92. Uranium compounds. Serax bead. Oxidizing 
flame, yellow ; reducing flame, green. The uranium and 
iron colourations are very similar, but the hot uranium 
bead is distinguished by emitting a bluish-green light. 

Microcosmic bead. Reducing flame, beautiful green ; 
whilst iron gives a bead reddish to colourless in the cold. 
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Platinum spiral with add potassium sulphate. The 
insoluble uranium compounds are thus decomposed. The 
fused mass is powdered with a little sodium carbonate, 
moistened, and absorbed by filter paper ; after moistening 
with acetic acid, a brown spot is produced by potassium 
ferrocyanide. 


b. Non-Metallic Substances. 


93. Silicon compounds. AMicrocosmic bead. Small 
splinters of silicates yield an infusible skeleton of silica, 
which floats about in the bead. 

Sodium carbonate bead. Yn the oxidizing flame a clear 
bead is formed with effervescence; gelatinous silica 
separates when the bead is carefully evaporated with 
water and acetic acid. 

94. Phosphorus compounds. The substance is 
heated with magnesium wire in the small tube closed at 
one end, the mass becoming incandescent. The 
tube is crushed, and the contents are moistened with 
water, when the characteristic odour of hydrogen phos- 
phide is perceptible. In the place of magnesium, sodium 
may be employed in the reaction. 

gs. Sulphur compounds. Ox charcoal splinter 
with sodium carbonate. Heated in the lower reducing 
flame a fused mass is obtained, which gives a black stain 
when moistened on a piece of silver. As selenium 
and tellurium compounds give the same reaction, it is 
necessary to ascertain the absence of these by the film 
test (par. 73). 

Sulphides are readily recognized by the odour of 
sulphur dioxide given off when they are heated. 
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CHAPTER III. 


SPECIAL EXAMINATION FOR CERTAIN ELE- 
MENTS IN COMBINATION. 


g6. The reactions described ins the previous chapters 
suffice for the detection of the more simple chemical 
compcunds. In the case, however, of the more complex 
compounds which are met with in practice, the indications 
thus obtained are scarcely sufficiently characteristic, as 
the reactions of the various elements contained in the 
substance under examination are in many cases either 
modified or obscured by the other constituents present. 

For example, the mineral bournonite which, in addition 
to lead, contains antimony, copper and sulphur, gives 
reactions quite different from those exhibited by the pure 
lead compounds. The latter yield an incrustation which 
is lemon-yellow when hot and sulphur-yellow when cold, 
together with a malleable metallic bead. Bournonite, on 
the other hand, gives first a white incrustation of anti- 
mony oxide, soon accompanied by lead antimonate, lead 
sulphate and lead oxide, so that the incrustation nearest 
the assay has a dark-yellow colour very closely resembling 
a bismuth incrustation. The bead which remains is 
usually brittle and black, and yields with borax in the 
oxidizing flame a pearl which is green when hot and blue 
on cooling; in the reducing flame this does not always 
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become brown and opaque as might be expected, but is 
frequently rendered grey by the antimony contained in 
the bead. 

In such instances it is possible frequently to detect many 
if not all the constituents of the mixture in the ordinary 
way by careful observation of its various reactions, and 
by comparison of the results with those obtained in 
the examination of other substances. Very often, how- 
ever, the course of investigation must be considerably 
modified, and in some cases indeed it is necessary to 
make use of the wet mtthod to clear up doubtful points. 

The present chapter contains a description of the 
mode of examination in those cases in which a special 
procedure is necessary for the detection of a body when 
occurring along with other substances. Here are given 
also the most important reactions of those elements 
which are not sufficiently characterized in the ordinary 
blowpipe course. The substances are arranged alpha- 
betically for convenience of reference. 

97. Ammonium. The substance is mixed with 
carbonate of soda or caustic potash, and heated in a glass 
tube closed at one end. Ammonia is evolved, and is 
recognized by its odour, and by the white fumes produced 
when a glass rod moistened with hydrochloric acid is 
held near to the tube. 

It should however not be overlooked that organic com- 
pounds containing nitrogen also ‘yield ammonia as a de- 
composition-product by this treatment. 

Antimony. For the reactions of antimony and its 
compounds, see pars. 11, 16, 25, 61, 73, and No. 16 in 
the table at the end of the book. 

g8. In presence of /ead or bismuth, antimony cannot 
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be detected by its incrustation alone. In this case the 
assay [No. 45 or 81] is heated on charcoal with fused boric 
acid, which dissolves the lead and bismuth oxides, whilst 
the antimony oxide incrusts the charcoal. The tempera- 
ture ought not to be too high. 

99. Antimony when combined with coffer is separated 
with so much difficulty that hardly any incrustation is 
obtained. Such a mixture [No. 82] is treated with 
microcosmic salt until a part of the antimony passes into 
the glass; this is then separated from the metallic bead 
and heated with a little tin on a*piece of charcoal in the 
reducing flame. In presence of antimony the glass be- 
comes grey or black [No. 16 of end table]. Should bis- 
muth, which behaves similarly to antimony, be likewise 
present, examination in the wet way must be resorted to. 

100. Oxides of antimony, tin, and copper. The sub- 
stance is treated with a mixture of sodium carbonate 
and borax in the reducing flame; the metallic bead 
after separation from the glass is then fused with from 
3 to 4 times its volume of assay-lead together with some 
fused boric acid in the reducing flame. The copper 
,Temains behind in the metallic state, the tin passes into 
the slag, and the ahtimony incrusts the charcoal. 

101. Antimony sulphide and lead sulphide. Although 
the antimony sulphide exhibits the reaction described 
in par. 16, yet in consequence of the presence of the 
lead sulphide, only a slight sublimate of antimony oxide 
is formed. ‘The residue forms a white powder con- 
sisting of antimony tetroxide, sulphate of lead and anti- 
monate cf lead. For the detection of antimony proceed 
as In par 109. 

Antimony sulphide and sulphide of lead or bismuth. On 
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charcoal in the reducing flame a yellow incrustation of 
lead oxide or bismuth oxide 1s formed near to the assay, 
and further away a white one of antimony oxide mixed 
with lead or bismuth sulphate. The antimony is con- 
firmed according to par. 109. 

102. In order to detect a small quantity of antimony 
sulphide in presence of arsenic sulphide, Plattner recom- 
mends the following method. The assay [No. 23] is 
gently heated in a tube closed at one end whereby the 
arsenic sulphide is volatilized and the greater part of the 
antimony sulphide remains as a black powder at the bot- 
tom of the tube. The end of the tube is then broken off 
and the substance is heated in an open tube, when the 
characteristic antimony reaction is obtained. 

Arsenic. The reactions of arsenic and its A 
are given in pars. 11, 15) 33: 61 and 73. 

103. All arsenides give in the open tube a sublimate 
of arsenic trioxide (see par. 15), and most of them on 
charcoal in the reducing flame develop the characteristic 
odour of arsenic! (par. 33) [No. 73]. When from the 
presence of nickel or cobalt, the odour is not produced, 
it can In most cases be obtained by fusing with assay-lead 
in the oxidizing flame. — . 

104. Arsente sulphide gives off sulphur dioxide on 
heating in the open tube and yields a sublimate of 
arsenic trioxide. To detect arsenic with certainty in any 
combination with sulphur, the powdered assay [No. 76]is 
heated with six times its volume of a mixture of equal 
‘parts of potassium cyanide and sodium carbonate. A 

1 According to Vogel the arsenic odour is best obtained by making 


the assay into a paste with charcoal powder, and dilute shellac solution ; 
small pencils are made of the paste and these are then burnt, 
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glass tube with a bulb at one end is used, and the heat 
is applied gently at first, but finally increased to redness, 
An arsenic mirror forms on the cold part of the tube. To 
succeed with this characteristic experiment it is necessary 
that the substance and reagents shall be perfectly dry. 
Hence if moisture appears on first heating the tube, it 
must be carefully removed by means of a roll of filter 
paper. 

105. When arsenic sulphide is heated on charcoal, it 
may happen that the whole of the arsenic, especially if 








4s ; 
‘ Fic. 15. 


present in small quantity only, is driven off in combina- 
tion with the sulphur. This is prevented by mixing such 
compounds [No. 23] with from 3 to 4 parts of neutral 
potassium oxalate or potassium cyanide, and heating in 
the reducing flame. Potassium sulphide is formed, and 
the arsenic, when not combined with nickel or cobalt, is 
expelled with its characteristi¢ odour. 

106. According to Berzelius, a very minute quantity of 
arsenic trioxide can be easily detected in the following 


way. A grain of the substance is placed at the end of a 
F 
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drawn-out closed tube, Fig. 15, and a splinter of freshly 
ignited charcoal is then pushed in just in front of the 
assay; the charcoal is first heated, and the heat is then 
extended to the assay, the whole being brought up to 
redness. The arsenic trioxide is reduced to metal as its 
vapour passes over the ignited charcoal, and a mirror is 
formed above the heated portion of the tube. If the 
tube be broken between @ and and heated, the arsenic 
odour is perceptible [No. 41]. 

107. To detect arsenic in arsenates and arsenttes, the 
treatment with sodium ‘carbonate, or with a mixture of 
this and potassium cyanide, is in most cases sufficient 
(par. 104). When, however, very small quantities of these 
acids are combined with an easily reducible metal, the 
wet method must be resorted to. 

Bismuth. For the reactions of bismuth and its 
compounds, see pars. 12, 17, 26, 61, 73, and No. 18 in 
the table at the end of the book. 

108. In alloys, as it generally occurs m nature and in 
metallurgical products, bismuth is usually detected by its 
incrustation. When combined with sulphur, the yellow 
incrustation is surrounded by a white one of bismuth 
sulphate. The formation of the latter can, however, be 
prevented by the addition of sodium carbonate. 

To detect bismuth when present with other incrustation- 
forming metals, antimony excepted, the incrustation is 
scraped from the charcoal, and dissolved in microcosmic 
salt on platinum wire in the oxidizing flame; the bead 
is then struck off the wire and reduced on charcoal with 
a little tin, when the grey or black colour of the bead 
indicates bismuth. Antimony gives a similar reaction. If 
this be present, the assay must be previously héated in the 
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oxidizing flame until all the antimony has been expelled. 
According to Kobell, any bismuth compound treated on 
a large piece of charcoal with a mixture of equal parts of 
potassium iodide and sulphur (or with potassium iodide 
alone if the substance contains sulphur), yields a very 
characteristic beautiful red incrustation at some distance 
from the assay. Substances containing lead, when simi- 
larly treated, give a deep-yellow incrustation, which does 
not interfere with the bismuth reaction. 

r09g. Cornwall has modified this method for the detec- 
tion of bismuth in presence of atitimony and lead in the 
following way: The substance, mixed with an equal 
volume of sulphur, is placed in a deep hole in charcoal, 
and heated for a short time with the blue fame. The 
fused sulphide formed is then brought on to a flat part of 
the charcoal, and exposed alternately to the oxidizing 
and reducing flames, until antimony fumes cease to be 
evolved, and a blue flame due to lead appears. To the 
pulverized residue is then added an equal quantity of a 
mixture of one'part of potassium iodide and five parts of 
sulphur. The whole is heated over a gas- or spirit-lamp 
in an open tube, from 10 to 12 cm. long, and ro mm. 
wide. A distinct sublimate of red bismuth iodide forms 
about ro mm. above the yellow lead iodide sublimate. 
An iodine sublimate which may form further away from 
the assay must not be mistaken for the bismuth 
sublimate. 

Boron. To obtain the yellowish-green colour which 
boric acid imparts to the blowpipe flame, the salt 
[No. 26] is finely powdered, moistened with a drop of 
concentrated sulphuric acid, and brought into the flame 
on a platinum wire. 
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The flame-colouration is still better obtained by mixing 
the finely powdered substance with 4 parts of acid 
potassium sulphate, and 1 part of calcium fluoride. The 
mixture is moistened with a drop of water and brought 
into the flame on a platinum loop; on fusion boron 
fluoride is formed which colours the flame a pure green. 
As the colouration is only momentary, careful observation 
is required. 

Another reliable reaction has been proposed by Iles. 
The finely powdered material is moistened on platinum 
foil with sulphuric acid, the excess of acid is volatilized 
by warming, and the powder is mixed to a paste with 
glycerine. This is then brought by means of a platinum 
wire into the flame, when the latter acquires a green 
colour. 

110. The following is a very sensitive reaction for 
borates of the alkalis and alkaline earths. The assay is 
dissolved in dilute hydrochloric acid, and a piece of 
turmeric paper-is partially dipped into the solution; 
after drying at 100° C. that portion of the paper with 
which the liquid has come into contact assumes a 
brownish-red colour in presence of boric acid. This 
colour must not be confounded with the dark-brown 
produced by concentrated hydrochloric acid on turmeric 
paper. 

The red colour of the turmeric paper, on moistening 
with the solution of an alkali, is changed to bluish- or 
greenish-black., 

Bromine. For the behaviour of bromine compounds 
towards acid potassium sulphate, see par. 62. 

111. If a bromine compound be added to a micro- 
cosmic bead containing copper oxide, and this be then 
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heated with the tip of the blue flame, the latter becomes 
greenish-blue coloured, especially at the edge [No. 31]. 
After the volatilization of the bromine the green copper 
flame reappears. Chlorine behaves in a similar manner 
(see par. 113). 

Cadmium. For the reactions of cadmium and its 
compounds, see pars. 11, 35, 6£, 73, and No. 19 of the 
table at the end of the book. 

112, Oxides of cadmium and sinc. The powdered 
assay is mixed with sodium carbonate, and heated on 
charcoal in the reducing flame. ‘There is first formed the 
brown incrustation of cadmium oxide, and afterwards 
that of the less volatile zinc oxide [No. 50]. 

Chlorine. The reaction of the chlorine compounds 
on charcoal is given in par. 39; that with acid potassium 
sulphate in par. 63. 

113. Copper oxide is dissolved in a microcosmic bead 
on platinum wire until the bead becomes almost opaque, 
a little of the powdered assay [No. 33] is placed on the 
bead, and the point, of the blue flame is brought to bear 
upon it. In presence of chlorine the flame is coloured 
of an intense blue from the formation of copper chloride 
(par. 41). Minute quantities of chlorine can be detected 
by this reaction. Bromine behaves similarly. 

1rq4. When a chloride is gently heated with dry potas- 
slum chromate and concentrated sulphuric acid, dark 
brownish-red vapours of chlorochromic acid are evolved, 
which condense to drops of the same colour. Ammonia 
turns this liquid yellow. 

Chromium For the reactions of chromium and its 
compounds, see pars. 64, 65, and 89, and a 21 of the 
table at the end of the book. 
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115. The reactions with borax and microcosmic salt 
are generally very characteristic; still the colours are 
often obscured in the presence of large quantities of iron, 
copper, or other strongly colouring substance. In such 
cases chromium, when not combined with silica, may be 
detected in the following way: The finely-powdered assay 
is mixed with double its quantity of a mixture of equal parts 
of sodium carbonate and potassium nitrate, and fused ina 
platinum spoon or on a platinum spiral in a strong oxidizing 
flame: An alkaline chromate is formed, which is then 
dissolved in water, and‘ boiled with an excess of acetic 
acid. <A crystal of lead acetate brought into the solution 
produces a yellow precipitate of lead chromate, which 
may be collected on a filter, and further tested with borax 
and microcosmic salt. If, instead of lead, silver nitrate 
be added, a dark purple-red precipitate of silver chromate 
is produced. 

116. Si/icates which contain but little chromium to- 
gether with iron or other strongly-colouring metallic oxide, 
are treated on charcoal with one part of sodium carbonate 
and half a part of borax in the oxidizing flame, until a 
clear glass is produced, which is pulverized and evaporated 
with hydrochloric acid in a porcelain capsule. The 
chlorides thus formed are dissolved in water, separated 
by filtration from the separated silica, the iron is oxidized 
by boiling with a few drops of nitric acid, and the basic 
chromium oxide together with other substances is pre- 
cipitated by ammonia. The precipitate is collected on a 
filter, washed, and treated as before described with 
sodium carbonate and potassium nitrate. 

Cobalt. For the reactions of cobalt and its com- 
pounds see par. 76, and No. 22 of the table at the end of 
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the book. To detect cobalt in presence of other metals, 
see also pars. 131, 132, and 137. 

117. In examining metallic compounds for cobalt 
it is advisable to powder the substance finely, and 
to roast on charcoal, so as to remove arsenic and 
sulphur. Lead and bismuth when present yield under 
this treatment incrustations on the charcoal. The residue 
is heated with borax in the oxidizing flame. If it forms a 
glass which is not a pure blue, the presence of iron is 
indicated (see par. 131). In such a case, the glass is 
removed from the assay, and fgesh quantities of borax 
are added until a pure blue colour appears. Nickel and 
copper are only taken up by the flux, when the cobalt 
present has been oxidized. For the detection of these 
metals the blue glass 1s separated from the bead, which 
is fused (in the oxidizing flame) with new portions 
of borax, until the glass becomes brown with nickel 
oxide. After this glass has been removed, microcosmic 
salt is added, the oxidizing flame being still used, and a 
green bead is obtained in presence of copper, which, when 
cold, retains this colour, and by reduction on charcoal 
with a little tin becomes red and turbid [Nos. 74 and 75]. 

118. The above process can be modified so as to 
better separate nickel and copper by adding some assay- 
lead together with the borax, and treating in the re- 
ducing flame. Nickel and copper pass into the lead 
bead; the glass is examined on platinum wire for cobalt, 
whilst the lead bead is heated in the oxidizing flame with 
microcosmic salt, and becomes green when cold in the 
presence of nickel and copper. Nickel alone yields a 
yellow bead, whilst copper gives a blue bead which by 
reduction on charcoal with tin becomes red and turbid. 
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Copper. For the reactions of copper and its com- 
pounds, see pars. 55 and 84, and No. 23 of the table at 
the end of the book. 

x19. Copper is readily recognized by the brown borax 
bead and the red microcosmic bead which result when 
beads produced in the oxidizing flame are heated on 
charcoal with tin in the reducing flame. By repeated 
oxidation and reduction, the borax bead becomes ruby- 
red, especially when the reduced bead is allowed to 
oxidize slowly. 

120. To detect small quantities of copper when com- 
bined with metals, the assay [No. 24, 82 or 81] is 
heated on charcoal in the oxidizing flame to expel 
volatile constituents. Boric acid, which has been pre- 
viously fused to a bead, is then added, and the whole 
is heated in a large reducing flame, which covers the 
assay. As soon as the bead assumes a metallic appear- 
ance, the port of an oxidizing flame is applied, so 
as just to touch the glass without grazing the metallic 
bead. By this process lead, iron, cobalt, a portion of 
the nickel, and also the volatile elements not wholly 
expelled by the previous roasting, such as bismuth, 
antimony, and zinc, are converted into oxide and are 
either volatilized or are absorbed by the glass. The 
remaining bead is separated from the glass, dissolved in 
microcosmic salt on charcoal in the oxidizing flame, and 
reduced with tin in the reducing flame. 

121. To detect copper in compounds containing much 
nickel, cobalt, tron, and arsenic, the assay is first treated 
with borax on charcoal in the reducing flame, in order to 
dissolve the greater part of the iron and cobalt. The 
remaining metallic bead is treated with assay-lead and © 
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boric acid as above. Arsenic is volatilized, and the residue 
of iron and cobalt, together with a part of the nickel, 
is absorbed by the boric acid. The metallic bead, separ- 
ated from the glass, is dissolved in microcosmic salt 
under an oxidizing flame, when the presence of copper is 
indicated by the dark-green glass becoming light-green on 
cooling, this latter colour resulting from the yellow nickel 
and blue copper beads [No. 78]. 

To recognize copper in presence of f#7, see par. 160. 

122. If the copper is combined with sudphur, the 
assay is roasted on charcoal, and its behaviour with 
microcosmic salt examined. Should a black or grey 
bead result from the presence of antimony or bismuth, 
it 1s necessary to treat the assay after roasting with 
sodium carbonate, borax, and assay-lead on charcoal in 
the reducing flame; the separated metallic bead is then 
strongly heated to remove the antimony, and afterwards 
boric acid is added, as in par. 120 [No., 72]. 

123. Cupriferous minerals often impart a green colour 
to the non-luminous flame, or when the metal is combined 
with chlorine, an azure-blue colour. If the reaction does 
not immediately appear, it may be frequently produced 
by powdering the’ assay and moistening with a drop of 
concentrated hydrochloric acid, evaporating to dryness, 
and rubbing the powder into a paste with water, which 
can then be brought into the flame on a platinum 
loop [No. 69]. 

124. Fluorine. If fluorine compounds be heated with 
four times their quantity of acid potassium sulphate in a 
tube closed at one end, hydrofluoric acid is evolved, 
which turns moist Brazil-wood paper straw-yellow, and 
corrodes the glass all about the mixture. It is best to 
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heat the mixture from above downwards, to prevent the 
contents of the tube from being ejected, and the cor- 
rosion is best seen after cleaning and drying the tube. 
Minerals in which hydrofluoric acid is combined with 
weak bases and with water at the same time, simply 
require heating in the glass tube to produce the reaction 
described [No. 56]. 

125. To detect very small quantities of fluorine in 
minerals, &c., the following method is used. A small 
bent piece of platinum foil is pushed into the end of an 
open glass tube, and on the foil is laid a mixture of 
the assay with calcined microcosmic salt, both finely 
powdered ; the flame is now applied to the mixture so 
that the products of combustion pass through the tube. 
If the substance contains fluorine, hydrofluoric acid, pos- 
sessing a peculiar pungent odour, is generated, the tube 
is etched, and moist Brazil-wood paper is coloured 
yellow [No. 29]. 

126. Gold. For the reactions of gold and its com- 
pounds, see pars. 30 and 82 and No. 25 of the table at the 
end of the book. An alloy of gold with volatile metals 
such as mercury, antimony and tellurium, needs only to 
be heated on charcoal in the oxidizing*flame, in order to 
obtain a bead of gold which can be recognized by its phy- 
sical properties. Lead is removed as described in par. 153. 

A bead containing the infusible metals, such as platinum 
and iridium, is much less fusible than pure gold. Such 
mixtures can only be examined in the wet way. 

127. When together with coffer, whose presence can 
easily be ascertained by testing with microcosmic salt, gold 
is detected as follows. The alloy, a gold coin for example, 
is dissolved in assay-lead and the mass is cupelled. In | 
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this way the copper is removed. If the alloy contains 
silver, the resulting bead is treated with microcosmic salt 
on charcoal in the oxidizing flame. The silver is gradually 
oxidized: and taken up by the glass, and the latter on 
cooling becomes opaline in consequence. To determine 
roughly the relative weights of the two metals, the bead is 
warmed with hydrochloric acid in a porcelain capsule. If 
the alloy contains up to 25 per cent. of gold, it becomes 
black, the silver dissolves gradually, and the gold remains 
as a black or brown spongy mass. If more than 25 per 
cent. of gold be present, the bead also becomes black, but 
the silver is not dissolved. When the metals are present 
in about equal proportion, no change takes place. If the 
gold is considerably in excess, this can be recognized 
readily by the yellow colour of the alloy. 

128, Iodine. The reaction of iodine with acid potas- 
sium sulphate (see par. 62) is very characteristic. 

When added to a microcosmic bead containing copper 
oxide, the outer flame acquires a puregreen colour [ No. 32]. 

129. Iodine combined with silver or with alkalis can 
be detected in the presence of other halogens by mixing 
the powdered substance with bismuth sulphide (easily pre- 
pared by heating bismuth and sulphur together), and heat- 
ing on a large piece of charcoal before the blowpipe flame. 
If iodine is present, a beautiful red incrustation of bismuth 
iodide is produced. | 

Iron. For the reactions of iron and its compounds, see 
pars. 12 and 74 and No. 28 of the table at the end of 
the book. To distinguish profoxide from peroxide, the 
substance is added to a borax bead containing copper. 
With peroxide the bead is coloured bluish-green, whilst 
with protoxide red streaks of cuprous oxide appear. 
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130. To detect iron along with easily fusible metals, such 
as lead, bismuth, antimony, tin or zinc, the substance is 
heated on charcoal with borax in the reducing flame. The 
easily reducible metals do not become oxidized and con- 
sequently are not absorbed by the glass. The glass is 
separated from the metallic bead, and is heated on a fresh 
piece of charcoal in the reducing flame, when it acquires 
the characteristic bottle-green colour produced by iron, 
and becomes vitriol-green on addition of tin. 

131. In presence of cobalt, the bead is not green but 
blue incolour. In such Gase iron is sought for by heating 
the blue glass on platinum wire in the oxidizing flame 
sufficiently long to convert all the iron into peroxide. With 
very little iron present, the bead is green when hot, and 
blue when cold ; with more iron the bead is dark green 
when hot, and pure green when cold, this latter resulting 
from a mixture of the yellow iron and blue cobalt colours. 

The residual metal on the charcoal after the treatment 
with borax (often only nickel and copper) is examined 
according to par. 120. 

132. An admixture of manganese [Nos. 80 and 65] 
colours the borax bead in the oxidizing flame red to blood- 
red. Byreduction with tin on charcoal the bead becomes 
vitriol-green. If cobalt is present along with manganese a 
dark-violet bead is produced in the outer flame, which in 
the reducing flame becomes green when hot, and blue on 
cooling. 

133. To test for iron in xtckeliferous substances, the 
assay is dissolved in borax in the oxidizing flame, and 
then heated on charcoal in the reducing flame. Metallic 
nickel separates out, and the ironremaining dissolved in the 
glass colours it green. 
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134. A substance containing tron and copper gives a 
green borax bead in the outer flame both before and after 
cooling ; from this bead copper separates on charcoal 
under the reducing flame, and the glass is green from 
iron. Ifthe amount of copper present is small, the assay 
is fused together with borax, sodium carbonate, and assay- 
lead, the metallic bead obtained heated with boric acid 
in the oxidizing flame, and copper sought for by the 
aid of microcosmic salt and tin. 

135. If ron and chromium occur together, the colour of 
the glass affords no indication ofthe presence ofiron. The 
substance is fused with sodium carbonate on charcoal in 
the reducing flame, the reduced iron is separated from the 
slag by washing, and the latter is fused with potassium 
nitrate for the detection of chromium. 

136. /ron and uranium oxides cannot be distinguished 
from one another in the dry way. To separate them 
the assay is fused with acid potassium sulphate, extracted 
with water, and the solution treated with ammonium 
carbonate to precipitate the iron; the filtrate is acidified, 
boiled to expel carbon dioxide, and the yellow uranium 
oxide is precipitated by ammonia. Both products are 
then further exarfiined [No. 66]. 

137. A substance containing zron, nickel, cobalt, man- 
ganese, and copper is fused with metallic arsenic or with 
potassium arsenate, and the mass is treated with borax in 
successive portions in the oxidizing flame. There results, 

first, a yellowish-green colour from iron. 


then a blue i » cobalt, 
$4 a brown $9 35 nickel, 
49 a green ? 9 cOpper. 


Under the reducing flame, nickel and copper can he 
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separated from the borax glass, whilst iron, cobalt, and 
Manganese remain dissolved, and are looked for accord- 
ing to par. 132. 

Lead. For the reactions of lead and its compounds 
see pars. 12, 27, 61, 73, and No. 30 of the table at the 
end of the book. 

138. An alloy of ad and zinc [No. 47] incrusts the 
charcoal with oxides of lead and zinc, the presence of the 
first of which is indicated by the colour of the incrusta- 
_ tion, and by the pale-blue colour imparted to the reducing 
flame (see par. 27). Zinc is best detected by moistening 
the charcoal near to the assay with cobalt solution and 
re-heating, when the green colour due to zinc is easily 
distinguished from the lead incrustation. 

An alloy of 4ad and dismuth (No. 46] gives a some- 
what darker incrustation than does pure lead. Bismuth 
is detected according to par. 108; lead is recognized by 
the pale-blue colour imparted to the reducing flame. 

139. To detect lead in sulphides, the assay is heated 
on charcoal in the reducing flame, whereby the incrusta- 
tion due to lead is produced. An admixture of antimony 
cannot here be detected, since the film of lead sulphate 
which surrounds the oxide incrustatién may easily be 
mistaken for the antimony oxide incrustation. 

In order to detect antimony at the same time in sucha 
case, it is sufficient to powder the assay [No. 81], mix 
with sodium carbonate, and heat for a short time only in 
the reducing flame. In absence of antimony, the incrusta- 
tion is a pure yellow with a bluish-white border ; in pres- 
ence of antimony, the incrustation is surrounded by a 
white film of antimony oxide, and the incrustation has a 
dark, orange-yellow colour from the formation of lead 
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antimonate. If the mixture be heated too long, sodium 
sulphide will volatilize, and an incrustation of sodium 
sulphate will be deposited. 

140. If lead sulphate occurs with a large amount of 
copper sulphate [No. 24], the metallic bead obtained by 
reduction does not show the presence of lead, but a 
strong oxidizing flame will volatilize the lead and produce 
an incrustation. 

Lead chloride fuses before the blowpipe flame, and 
yields two incrustations: a white volatile one of chloride, 
and a less volatile one of oxide.e In addition, the reduc- 
ing flame is coloured pale-blue. 

Lead phosphate fuses alone to a bead on charcoal with 
the formation of very little or no incrustation. On cool- 
ing, the bead crystallizes with large white facets of a 
pearly lustre. 

Lithium. The reactions of lithium and its com- 
pounds are given in par. 51 and No. 3 of the table at the 
end of the book. 

141. Stlicates which: contain only small quantities of 
lithium are made into a paste with one part of fluorspar, 
one and a half parts of acid potassium sulphate, and a 
drop or two of water, and then heated for flame-coloura- 
tion on a platinum loop [No. 63]. If the silicate also 
contains boric acid, as in tourmaline, a green flame is 
first obtained, and then a red one. 

The presence of phosphoric acid, as in the case of 
triphyline for example, causes a green flame, perceptible 
along with the red one, especially after moistening with 
sulphuric acid. 

Lithium, in presence of sodium, can also be detected 
by plunging the assay, moistened with hydrochloric acid, 
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into molten wax or tallow, and then holding in the: 
iuminous flame ; a carmine flame is then momentarily 
produced. 

Manganese. For the reactions of manganese and 
its compounds, see par. 91, and No. 3 of the table at the 
end of the book. 

142. If a bead containing manganese, just removed 
from the oxidizing flame, be brought into contact with a 
crystal of potassium nitrate or chlorate, or be thrown into 
a porcelain capsule containing the powdered reagent, a 
violet frothlike mass of potassium permanganate is pro- 
duced, 

143. To detect the smallest quantity of manganese in 
any compound, the assay [No. 62 or 80] is fused with two 
parts of sodium carbonate and one part of potassium 
nitrate, on platinum wire or foil, in the oxidizing flame. 
Potassium manganate is thus formed, which is green and 
clear whilst hot, and becomes bluish-green and opaque on 
cooling. With water, a green solution is obtained, which 
becomes red on the addition of acetic acid, and afterwards 
colourless, frequently with the separation of brown flakes. 

The simultaneous presence of silica and cobalt hinders 
the reaction, a blue mass being formed*which obscures the 
green colour. In this extremely rare case the silica must 
first be separated in the wet way. Should chromium be 
present, the colour of the product is yellowish-green. 

144. To detect manganese in metallic compounds, or in 
metallurgical products, the substance is dissolved in nitric 
acid, the solution is evaporated to dryness, and the ignited 
residue is tested with sodium carbonate and potassium 
nitrate as above. 

Mercury. For the reactions of mercury and its com- 
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pounds, see pars. 12, 17, 61 and 73, and No. 32 of the 
table at the end of the book. 

'r45, Amalgams, when heated in a tube closed at one 
end, give a sublimate of metallic mercury in the form of 
minute globules which are best seen under a lens[No. 44]. 

In combination with su/phur [No. 77], chlorine[No. 42], 
todine or oxyactds, the assay is heated with dry sodium 
carbonate. The acid or halogen remains combined with 
the soda, whilst the mercury sublimes. 

If the quantity of mercury is so small that the sublimate 
cannot be clearly seen, the expemment is repeated, and a 
bit of gold leaf wrapped around an iron wire is passed 
down the tube near to the assay. The smallest quantity 
of mercury suffices to turn the gold white. 

Molybdenum. For the reactions of molybdenum 
and its compounds, see pars. 38, 47, 61, 65 and 86, and 
No. 33 of the table at the end of the book. 

146. Small quantities of molybdic acid may be readily 
detected as follows: A little of the powdered sub- 
stance is added to some concentrated sulphuric acid 
on a tray-shaped piece of platinum foil ; after heating until 
brisk evaporation sets in, and then cooling, the foil is 
repeatedly breathed upon. Where only blue spots appear 
on cooling an intense blue colour is produced by breath- 
ing. The reaction succeeds still better if, mstead of 
breathing upon the foil, a little alcohol be added; the 
characteristic blue colour then appears either at once or 
immediately after burning off the alcohol. 

The method recommended by Bunsen is given in 
par. 86, ‘Special Reaction.” 

Nickel. For the reactions of nickel and its compounds, 


see par. 75 and No. 34 of the table at the end of the book. 
G 
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147. Fusible metallic compounds of nickel are treated 
on charcoal with borax in the reducing flame, by which 
means iron, cobalt, &c., are taken up by the glass (for ex- 
amination see par. 117), whilst the metals whose oxides 
are easily reduced remain behind. This operation is 
repeated until the glass remains colourless. The residual 
metallic bead is then treated with microcosmic salt in the 
oxidizing flame, when a pure yellow colour due to nickel, 
or a yellowish-green colour due to nickel and copper, 
is produced. In the latter case the glass is reduced on 
charcoal with tin to confirm the presence of copper. Anti- 
mony and bismuth, whose presence obscures this reaction 
by blackening the bead, must be expelled by roasting pre- 
vious to the addition of the flux [No. 78]. 

In arsenic and sulphur compounds, the search for nickel 
is conducted as in the case of cobalt (see par. 118). 

148, To detect small quantities of nickel in presence of 
cobalt the following method may be adopted: A not too 
small quantity of the assay is dissolved in borax on plati- 
num wire, and the dark-coloured bead is thrown off and 
treated with a small gold bead on charcoal in the reducing 
flame. When cold, the gold bead is separated from the 
slag by a tap from a hammer, and % fused with micro- 
cosmic salt in the oxidizing flame. The glass takes up 
the easily soluble cobalt oxide, becoming blue; and fresh 
quantities must be added until the colour changes to 
green, and finally becomes yellow. The gold is afterwards 
refined by cupelling with lead on bone-ash. 

149. Nitric Acid. On heating the perfectly dry sub- 
stance [No. 36] in a small matrass with acid potassium 
sulphate, reddish-brown nitrous fumes are evolved. Ifa 
slip of paper moistened with ferrous sulphate solution be 
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placed in the neck of the matrass, which should be rather 
leng for this purpose, the paper in presence of nitric acid 
becomes yellow or brown. 

Since chlorine affords a similar reaction, it is necessary, 
when chlorine compounds are present, to use litharge free 
from lead peroxide instead of the acid potassium sulphate. 
This oxide at first absorbs the nitric acid, but gives it off 
again at a higher temperature. 

Phosphoric Acid. For the reactions of phosphoric 
acid, see pars. 45 and 94. 

150. The powdered substance is placed in a drawn-out 
glass tube closed at the bottom, and a piece of magnesium 
wire about 5 mm. long, or a bit of sodium, is added, and 
surrounded entirely by the assay. On heating, the mass 
becomes incandescent, and phosphide of magnesium or 
sodium is formed. On crushing the tube and moistening 
its contents with water, the characteristic odour of phos- 
phuretted hydrogen is perceived [No. 64]. 

r51. Selenium. The reactions of selenium (pars. 11, 
19, 36, 59 and 73) are very characteristic. In non- 
volatile compounds, which do not yield the red sublimate 
mentioned in par. 11, this element is easily detected by the 
odour of rotten horse-radish which the substance [No. 83] 
evolves when heated on charcoal in the oxidizing flame ; 
when much selenium is present, an incrustation is also 
produced in this case (see par. 36). Selenates and selen- 
ites are reduced with sodium carbonate on charcoal, 
whereupon the peculiar odour is perceived. 

Silicon. The reactions of silicic acid are given in 
par. 93 and No. 15 of the table at the eid of the book. 

152. Silicates are decomposed in the microcosmic bead, 
the bases combining with the free phosphoric acid to form 
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a transparent glass, and in this the silica floats as a spongy 
mass, forming the so-called silica-skeleton. The appear- 
ance of the bead whilst still hot is noted, as many silicates 
afford glasses which become turbid on cooling. The silica- 
skeleton consists of an aggregate of crystals too minute 
to be made out easily with the microscope. Examined 
under high powers, they seem to have the crystalline form 
of tridymite [No. 57]. 

Silver. For the reactions of silver and its compound, 
see pars. 29 and 83, and No. 41 of the table at the end 
of the book. e 

153. Silver in combination with volatile metals (bismuth, 
lead, zinc, antimony) is ignited strongly on charcoal, 
when after volatilization of these metals, a bead of silver 
surrounded by a reddish incrustation remains. A large 
amount of lead or bismuth is best removed by cupellation. 
This operation is conducted as follows: Finely powdered 
bone-ash together with a little sodium carbonate is mixed 
with water to a stiff paste, and this is placed in a hole 
bored in the charcoal. The surface of the paste is hol- 
lowed out a little and smoothed by means of an agate 
pestle, and the mass is dried by warming gently. On this 
small cupel the substance is heated unt all the bismuth 
and lead is oxidized and more or less completely absorbed 
by the bone-ash. The silver, or the alloy if gold be also 
present, remains behind as a brilliant metallic bead 
[No. 48]. 

154. Alloyed with copper, nickel, and other oxidizable, 
non-volatile metals, silver is detected by treatment with 
borax or microcosmic salt in the oxidizing fame. The 
silver remains behind, whilst the other metals are oxidized 
and absorbed by the flux. If the amount of silver be 
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small in comparison with that of the other metals, the fol- 
lowing method for the detection of this along with any 
gold that may be present, 1s recommended. 

155. The substance [No. 82] is powdered and placed 
with fused and powdered borax and assay-lead in a cylin- 
drical hole in charcoal. To one part of the assay are 
added one part borax-glass, and from 5 to 10 parts assay- 
lead, according to the smaller or greater amount of non- 
volatile metals present. A powerful reducing flame is 
applied until the metal unites to a bead and the slag is 
freed from small metallic globules. An oxidizing flame is 
next applied, and is mainly directed on to the metallic 
bead. Sulphur, arsenic, antimony and other volatile 
constituents are removed, whilst iron, tin, and cobalt, as 
well as some copper and nickel, are oxidized and taken 
up by the flux. Silver, gold, and the greater part of the 
copper and nickel remain with the lead and with any 
bismuth that may be present. As soon as the volatile 
constituents are all removed, the lead itself begins to 
oxidize, the bead acquiring a rotatory movement. At 
this point the mass is allowed to cool, and the lead bead 
is separated from the glass by tapping with a hammer. 
The bead is laid on a cupel and again heated until 
rotation re-commences. When copper and nickel are 
present in large quantities, the bead becomes covered 
with a thick infusible crust of oxide, which prevents the 
desired oxidation, and in this case the addition of a 
little more assay-lead is requisite. The‘heating is now 
continued until all the lead, copper, nickel, &c., 1s 
oxidized. When the silver is small in amount, this point 
is recognized by the cessation of the rotatory motion; with 
a larger amount of silver, thin films having all the colours 
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of the rainbow coat the bead just before the end of the 
process, and after a few seconds, the bead assumes the 
lustrous appearance of pure silver. The oxides of lead, 
copper, &c., are absorbed by the bone-ash and pure silver, 
or an alloy of silver with other noble metals, remains 
behind. Gold is sought for according to par. 127. 

Silver chloride, when treated on charcoal with sodium 
carbonate, is reduced to metal. 

Sulphur. For the reactions of sulphur in sulphides, 
see pars. 11, 14, and 21, section 5. In examination for 
sulphur, a coal-gas flame should never be employed on 
account of the large amount of sulphur compounds con- 
tained in the gas. 

156. A sensitive as well as readily applicable method 
for the detection of sulphur in any of its compounds con- 
sists in heating the powdered substance with pure sodium 
carbonate, or preferably (to prevent absorption by the 
charcoal), with sodium carbonate to which half its. weight 
of borax has been added. The mixture is heated to fusion 
on charcoal in the reducing flame. The fused mass is 
separated from the charcoal, brought on to a piece of 
silver foil or coin, and moistened with water. If sulphur 
be present, a black stain of silver sulphide is produced 
on the metal. Since selenium and tellurium afford the 
same reaction, their absence must be assured. 

If a substance containing sulphur is heated with sodium 
carbonate in the reducing flame, the mass next moistened 
on a watch-glass with water, and then a little sodium 
nitroprusside added, a magnificent purple-red colour is 
produced. 

A dilute solution of ammonium molybdate to which ex- 
cess of hydrochloric acid has been added, assumes a 
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beautiful blue colour on the addition of sulphuretted 
hydrogen, or a soluble sulphide. 

From sulphides, hydrochloric or sulphuric acid liberates 
sulphuretted hydrogen, which is easily detected by its 
odour and by its blackening a slip of paper which has been 
dipped in lead acetate solution. 

157. To distinguish between sulphides and sulphates, 
the substance under examination is heated in the oxidiz- 
ing flame, when only sulphides yield the odour of sulphur 
dioxide. Another method is as follows: The finely pow- 
dered substance [No. 75] is fused with caustic potash in 
a platinum spoon, and the spoon with its contents is 
thrown into water containing a strip of silver. If the 
silver remains quite white, the sulphur is present as sul- 
phate ; if the silver becomes black, sulphur is present as 
sulphide, Substances exercising a reducing action must 
of course not be present. 

Tellurium. For the reactions of tellurium and its 
compounds, see pars. 11, 18, 37, 73, and No. 43 of the 
table at the end of the book. 

158. Lead and étsmuth, which render the detection 
of tellurium difficult on charcoal, may be taken up by 
fused boric acid ift the reducing flame, when the formation 
of a tellurium incrustation will not be prevented. 

If the incrustation disappears under the reducing flame, 
not with a green, but with a bluish-green flame-coloura- 
tion, selenium is also present, which is easily recognized 
by its odour. 

A powdered tellurium compound heated with sodium 
carbonate and charcoal powder in a matrass, and treated 
when cold with hot water, yields a purple-red solution of 
sodium telluride. 
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tellurides are gently warmed with sulphuric acid, 
the tellurium is dissolved without oxidation, and the 
solution possesses an intense carmine-red colour. Water 
reprecipitates the tellurium as a blackish-grey powder. 

Tin. For the reactions of tin and its compounds, see 
pars. 12, 28, 61, 85, and No. 45 of thé table at the 
end of the book. Ifa small quantity of a tin compound 
.-be added to a borax bead coloured blue by copper oxide, 
and the reducing flame be applied, the bead becomes 
brown. . 

159. Substances contaming tin in an oxidized state are 
heated on charcoal with sodium carbonate and borax in 
the reducing flame. Malleable and easily fusible beads 
of metallic tin are thus obtained. If these be separated 
from the slag, and heated in the oxidizing flame, they 
are converted into white oxide, which is deposited on the 
charcoal in the immediate neighbourhood of the assay. 
By treatment with cobalt solution the incrustation becomes 
bluish-green. When occurring together with zinc, with 
which its reactions are very similar, tin can only be 
detected with certainty in the wet way. Sulphides are 
roasted, and then examined as above. 

160. In metallic alloys tin is easily detected, since the 
bead cannot be kept bright and free from oxide even in 
the strongest reducing flame. 

Alloys of copper and tin (gun-metal, bell-metal and 
bronze), are examined as follows: The substance is fused 
with a flux consisting of one part of sodium carbonate, half 
a part of borax, and one-third part of silica in the reducing 
flame, until the metallic bead takes up a rotatory motion. 
The oxidizing flame is then applied mainly to the glass, 
and so that the bead may be in contact on one side with 
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the glass, and on the other with the charcoal. The tin 
becomes oxidized and is absorbed by the glass, whilst 
the copper remains behind. ‘The latter is separated from 
the glass, and further treated with microcosmic salt, 
whilst the slag is pulverized and reduced on charcoal 
with carbonate of soda or of potash [No. 49]. 

Titanium. The reactions of titanium are given in 
pars. 65 and 88, and No. 46 of the table at the. 
end of the book. 

161. If titanic acid forms the main constituent of a 
mineral, it can easily be detecte@ by its reactions with 
fluxes. When iron is present at the same time, micro- 
cosmic salt in the oxidizing flame gives the iron colour, 
and in the reducing flame a blood-red bead, which 
on charcoal with tin becomes violet. 

Compounds which give indefinite results with fluxes 
are treated as follows: The substance is fused with six to 
eight times its weight of acid potassium sulphate in a 
platinum spoon, dissolved in cold water, filtered, and, 
after addition of a drop or two of nitric acid, is heated to 
boiling. A white precipitate of metatitanic hydrate 
is formed, and this can be further examined with micro- 
cosmic salt [No. 61}. 

If titanic oxide be fused with caustic potash, dissolved 
in water, and the solution evaporated after addition of an 
excess of hydrochloric acid and a piece of tin foil, the 
liquid becomes violet coloured, and, on dilution with 
water, rose-red. 

Very characteristic of titanium are the crystals produced 
by titanic oxide in fluxes. According to G. Rose, a 
transparent microcosmic bead, coloured violet in the 
reducing flame from the presence of titanium, becomes 
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quite clear, if not oversaturated, when held in the 
outer flame near to the blue point; whilst at the point 
of the non-luminous flame it becomes opalescent, and 
when more strongly saturated, it becomes snow-white 
and opaque. On bringing the bead to the point of the 
blue flame, it becomes clear again, and in the inner flame 
it again acquires a violet colour. The hot opalescent 
bead, if flattened and examined under a magnifying 
power of 140 diameters, shows well-formed, lustrous, trans- 
parent, quadratic tables, partly collected in groups, which 
are seen to exhibit déuble refraction under polarized 
light, and may be considered to be anatase. According 
to Knop, however, the crystals belong to the rhombic 
system, and consist of titanium phosphate. 

Titanic oxide gives with borax on charcoal in the 
reducing flame a yellowish-brown bead, or if strongly 
saturated, a light- to dark-blue bead. From this dark-blue 
glass crystals of rutile separate out, without destroying 
the transparency of the bead. The crystals occur as 
long quadratic prisms, variously terminated, and having 
their lateral edges replaced by planes. With a mixture 
of borax and microcosmic salt, the crystals occur in very 
regular forms. . 

Tungsten. The reactions of tungsten and its com- 
pounds are given in pars. 65 and 87, and No.. 47 of 
the table at the end of the book. 

162. Tungsten, when present in small quantity, is 
detected as follows : The assay is fused with five times its 
weight of sodium carbonate, the mass extracted with 
water, and the tungstic acid precipitated by hydrochloric 
acid in the form of a white powder. The precipitate be- 
comes yellow on boiling, and is insoluble in excess of the 


164] SPECIAL EXAMINATION. 107 


acid (distinction from molybdic acid), but dissolves in 
ammonia. ‘The solution, after acidification, gives a deep 
brown colouration with potassium ferrocyanide, and after 
some time a precipitate of the same colour separates; with 
silver nitrate a white, and with stannous chloride, a yellow 
precipitate'is produced. On acidifying with hydrochloric 
acid and warming, the precipitate becomes of a beautiful 
blue colour which is very characteristic. 

Uranium. For the reactions of uranium and its com- 
pounds, see par. 92 and No. 48 of the table at the end of 
the book. . 

163. In compounds containing no other colour-pro- 
ducing constituent, the metal can he detected by its reac- 
tion with microcosmic salt as well as by the reactions re- 
ferred to above. Since zven and uranium behave similarly 
towards fluxes, the method given in par. 136 must be 
applied to distinguish between the two. 

Along with coffer oxide, uranium (like iron, and in 
similar quantity) produces a green bead in the oxidizing 
flame. To detect the uranium in such a case, the substance 
is treated with sodium carbonate, borax and a silver bead 
on charcoal in the reducing flame, until all the copper is 
reduced and taken ‘up by the silver. The slag is dis- 
solved in nitric acid, the solution treated with ammonium 
carbonate, and examined further according to par. 136. 

Vanadium. For the reactions of vanadium and its 
compounds, see pars. 65 and go, and No. 49 of the 
table at the end of the book. 

164. On fusing vanadium compounds with sodium car- 
bonate and potassium nitrate on a platinum spiral, ex- 
tracting with water, acidifying with acetic acid, and adding 
silver nitrate, a yellow precipitate is obtained. 
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By evaporating the fused mass with aqua-regia, a yellow 
or yellowish-brown solution results, which becomes blue 
on the addition of stannous chloride. 

If the solution obtained by extracting the fused mass be 
acidified and well shaken with hydrogen peroxide, it 
becomes red, and retains this colour on the addition of 
ether, the latter remaining uncoloured. , 

Zinc. The reactions of zinc and its compounds are 
given in pars. 12, 34, 60, 61 and 73, and No. 50 of the 
table at the end of the book. 

165. Substances containing zinc in an oxidized or 
sulphurized condition are heated alone on charcoal in the 
reducing flame; such as contain other metallic oxides 
are heated with a mixture of two parts of sodium carbonate 
and one and a half parts of borax. The incrustation which 
forms is very characteristic, since it becomes luminous 
when strongly heated, is yellow when hot, and white on 
cooling, is non-volatile, and acquires a green colour when 
moistened with cobalt solution and re-heated. It Is ad- 
visable to previously moisten with the solution the char- 
coal about where the incrustation will be deposited. 

166. Whilst the reaction with cobalt solution is unpre- 
judiced by the presence of Jead and bismuth, it is inappli- 
cable in the presence of tin and antimony, since they give 
similar reactions. Sometimes it is possible to expel anti- 
mony with the oxidizing fame; in most cases, however, 
zinc cannot be detected before the blowpipe in the pre- 
sence of the two last-named metals. 
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CHAPTER IV. 


SYSTEMATIC EXAMINATION OF COMPOUND 
INORGANIC SUBSTANCES. 


167. Although it is not difficult to detect the 
constituents of a substance, after a little practice with 
the blowpipe, by aid of the reactions described in the two 
last chapters, still it is advisable in many cases to follow 
a systematic course of investiggtion. Time is thus 
often economized, and more definite and satisfactory 
results are obtained. 

It is not to be expected that the several constituents 
of a substance can be detected by successive decomposi- 
tions, as is the case in the wet method of analysis. 
Exceptin the parting of volatile andnon-volatile substances, 
separations cannot easily be effected in the dry way. A 
blowpipe course is consequently little more than a 
methodical series of single tests. Since fresh portions of 
the original substance‘ are being frequently taken, only 
small quantities should be used at the commencement. 

In the following pages two different methods are given, 
either of which can be followed, according to the skill of 
the operator, or the nature of the object under examination. 

The first method supplements the courses already given 
in this work, and presupposes a moderate amount of ex- 
perience. It is applicable to all kinds of substances, and 
leads at the same time to the essential confirmatory tests. 

Egleston’s method is somewhat quicker, especially in 
the case of metallic compounds ; but to obtain satisfactory 
results with it greater experience Is required. 


BLOWPIPE ANALYSIS. 


T1o 


“SgE “1AX ‘armayy ayasiphpoun anf yfrayosj107 ‘JONEPUL’] » 


*(AOLITUL J1]]e3AUI) “UOISN} SNOLAoId ynoyIUA 
"“MOTI2A “pjod = spunodwoa = stuasie | Aueur SOUNTGNS Saproyya snomosopy 
-UMOIQ-YSIMOTAA OTT Lanydng pue siuasie DyyeIey_, «f oesTy ; "szJes umMMomaTYy 
"IJDUEIZQHS p2.tnojep ! "ADU TIRG AIdD) 40 yop ‘IDUIQNS 337444 


! pautsof AQvULIIGNS "Gq 


Oe “(UaxIeTq 
1 adyzey aq) Sa}eULIO} ~pue 
“SaPlLIO[YyD awos | SOIV[EXQ Saprxouow wogqre> 
: (Moj]eS - ysiuse13) ~~ antI0;Y> ‘syes "SOPETEXO pue saze 
‘sapt tunfuoutlue 9sul0og femounmy  -uoqies Lueyy ‘ @pIxorp uoqres 
“W01g BWIOS f (UMOIG) sUNMOIg “TOJVM SUTUIPY "Sayepor 
‘SoJepOl puw = -UOD._ saprydyns pue sayydins ;pue = ‘sayeutoiq «= ‘saye10]99 
S9PIpol swi0g =f (JazorA) ourpoy , -odAyy { waSospAyq peyemyding | ‘sayesjru ‘saprxoiag {wa8hxg 
‘Soy pue "sayeydyns owos ‘uornerpAy jo zajea { u0N 
SoyeIU soy Ssaumny snowy pue sajiyding { aprsorp anqdins | “EZNTEISAID JO IDIEAA : J37BAA 
“ANOEQ PUD £N0JOD 47144 “AHOPO UjIM ‘ssazAN0I0D | “SSITANOPO PUD SSaPARCIO? 


{ PIQJORI SAIUDISGNS snoas”vE “e 


‘GNa ANO LV GaSOT) FaNL V NI GUaLVAH Si AONVLSAAS AHL‘ 
NOLLFNINE XY AYVNINITINd 
*#SHOINVLISHNS GNNOdWOD AO NOILVNIAVXS Aniwwarere +1 


It 


| “aprxo ul} ‘apixo ouIz 
l‘syzava ‘suyrea DUeYTY - aruassasoygsoyg 3 
‘sjesourur Aueul pur | "SQOUEISQNS DIUCBIQ - MOIwZINOGAD “2 


SYSTEMATIC COURSE. . 


‘euared ‘sopuojys auleyfy -omnzidoasag ‘3 


‘raddos 


 pue “uon Jaydu “4eqod jo syyes pazwspAzy 
‘pai ‘plod ! aso]JaA 0} pai wo ! aprpor spMdJeyy | 


*(a]BOA 
-UOU) pal ‘pjoo + yoejq 0} par wo faprxo o1379,7 

"(a]HeJOA) 
por ‘pjoo + yorjq 0} par woy Pfaprxo oumosey 


‘pol yuep “1apaod 

*HSeTG 0} Ysippoy ! umyuayas | 
‘sulqqni uo pas Zurui0d 

-aq ‘yorig ‘aprydims oumosep_y 
“sulqqnia uo por Zulut0d 

-aq ‘moyox faprpor sundJayy 
‘moyaA-ysippor ‘ppoo f paz 

-uMolg “joP f aprydins oruesry 
“MO[[9A-YSIppar ‘ploo 

yorlq oT Saprydms Avounuy 


"AJDULIIONS P2tnojo7 


‘St[Vype dq} Jo syesg ¢° vowsny7 -p 


“MOT[aA-UOUIZ] ‘pod 


fMoTas-a3ueto 0} ay wos faprxo ys 


1 


‘ 


i 


_oyyeyaut) spunoduioo Aimosaur 
owes pue ‘aresjeure Amosep_y 


*BPDUMITGNS AIAN 40 yIDI_ | 


“MOTOA 
‘plod ‘par-YstuAoiqg 0} ay1qa Woy faprxo pee-] 
“‘MOTOA G31] 
‘PlOd SuMoIq-YsIMoTpa’ 0} aI Wo faprxo uty 
“OHYM “poo | Moat 0} ayy wo f eprxo ourz 


*dn0j02 fo aduvy *9 


| ‘sre 
| SAID TeIPSyOIIO 0} UGISNy no 
" | “IA soulliqns faprron3 smasry 
6 *SSeul 
snoydioure ue 0} sawtyqns 
puv sasny ° eprxop twnunyyoy 
"Sa[paeu sno.jsny{ 0} saunyqns 
puy sasny- Seprxo Avownoy 
"ATSNOIA 
-aid sasny fapwoyys spmosepy 
‘OF DMETIQUS 3124 A 
: panunuoy— pousof agviygns “aq 





-(speaq 





112 BLOWPIPE ANALYSIS. 


B. THE SUBSTANCE IS HEATED IN AN OPEN TUBE. 
(Reactions given under A are not repeated.) 


a, Gaseous substances evolved: 


Sulphur dioxide; of characteristic odour: sulphur and 
sulphides. 

Selenium dioxide; smelling of rotten horse-radish ; selenium 
and selenides. | 


b. Subdimate formed: 

Arsenic trioxide; white, very volatile sublimate deposited 
at some distance from the assay; arsenic and arsenides. 
Antimony oxide; white fumes: sublimate partly volatile: 

antimony and its compounds. 


Tellurium dioxide; white fumes; sublimate fusible to colour- 
less drops : tellurium and tellurides. 


.  ‘{ White, found chiefly beneath the assa 
— ya sulphur compounds of lead and bis: 
phate; ( — muth respectively. 


C. THE SUBSTANCE IS HEATED ON CHARCOAL, 


a. As regards Pusibility: 


Lfrasible. Infustble, 
Salts of the alkalis and of} Salts of the earths and of the 
some of the alkaline earths.; alkaline earths, silica. 
Antimony, lead, cadmium, / Iron, cobalt, nickel, man- 
tellurium, bismuth, zinc, tin | ganes¢, molybdenum, tung- 
| 
J 


(all easily fusible). sten, platinum, palladium, 
Copper, gold, silver (difficultly | iridium, rhodium, and os- 
fusible). | mium. | 


b. Detonation: 
Nitrates, chlorates, iodates, and bromates. 


c. Intumescence: 
Substances yielding water, borates and alum. 


Flame-colouvation, Reduction, and Formation of incrasta. 
tions are described subsequently. 
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COMPLETE EXAMINATION. 


EXAMINATION FOR BASES. 


I. The substance is treated with sodium carbonate on char- 
coal in the reducing flame (with metals and alloys the 
carbonate is omitted). e 


If any of the following group reactions appear alone, the 
course may be shortened, as follows: 


a. The substance gives an incrustation. Begin section I., 
No. I. 


6. The substance gives a metallic bead without incrusta- 
tion. Begin section I., No. Io, 


c. The substance leaves a grey or black residue. Begin 


\ 


section II., No, 13. 


d@. The substance colours the flame, especially after moist- 
ening with HCl. Begin section IV., No. 32. 


é. The substance gives a white luminous residue. Begin 
section V., No. 43. 


jf. The substance wolatilizes completely. Begin section VI., 
No. §2. 


1, Lucrustation, white, and very volatile, disappearing with 
light blue flame, and odour of garlic. Arsenic. 


1a, Confirmation, On heating with potassium cyanide and sodium 
carbonate in matrass, an arsenic mirror is formed. 


2. Incrustation, reddish-brown, with coloured tarnish 
having resemblance to the eyes of a peacock feather, disap- 
pearing without flame-colouration in O. or R. FL Cadmium... 


2a, Confirmation. The incrustation scraped off and heated with 
sodium hyposulphite in a tube closed at one end becomes 
yellow. See also 32. 


H 
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3. Lucrustation, hot, yellow, cold, white, luminous, and is 
non-volatile under the flame. Zinc. 


3a. Confirmation. The incrustation heated with cobalt nitrate 
solution becomes green. When Cd and Zn occur together, 
the Cd incrustation appears first, and afterwards that of 
the Zn, 


4. Incrustation, steel-grey, disappearing in the R. Fl. with 
blue colouration and odour of rotten horse-radish. Selenium. 


4a, Confirmation, See sa. 


5. Jncrustation, white, with dark yellow to red border, 
disappearing in the R. Fl. with green colouration. Tellurium. 


sa. Confirmation. If S€ and Te occur together, a white incrusta- 
tion is produced which colours the R. Fl. bluish-green, and 
gives off an odour of rotten horse-radish. To distinguish 
these, a metallic film is produced, and this is moistened with 
concentrated H,SO,, and gently warmed. Te dissolves 
immediately with a carmine-red colour, whilst the dirty-green 
colour of Se appears after heating more strongly. 


6. Incrustation, bluish-white, and volatile, disappearing 
under O. Fl. and R. FL, in the latter case with green coloura- 
tion. Lead, white, brittle and oxidizable. Antimony. 


6a. Confirmation. The incrustation scraped off and treated with 
HCi and Zn on platinum foil covers the latter with an 
adherent black film of antimony. 


7. Lucrustation, hot, orange, cold, lemon-yellow, disappear- 
ing under O. or R. Fl. without flame-colouration. Sead, 
reddish-white, brittle and oxidizable. . Bismuth. 


aa. Confirmation, On charcoal, with potassium iodide and 
sulphur in the O. Fl. gives a beautiful red incrustation of 
bismuth iodide, 


8. Jncrustation, hot, lemon-yellow, cold, sulphur-yellow, 
disappearing in O. and R. FL, colouring the latter a beautiful 
blue. Sead, white, malleable and oxidizable. Lead. 


8a. Confirmation, ‘Treat the substance with HNO,, evaporate off 
excess of acid, add a little HSO, and evaporate until white 
acid vapours appear. A white powder remains, insoluble in 
dilute H,SO,. 


g. Incrustation, hot, yellowish, cold, white, small in quan- 
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tity, deposited close to the assay and non-volatile. , 
white, malleable and very oxidizable. Tin. 
ga, Confirmation. Dissolve in HCl, and precipitate Sn, as a grey 
spongy mass, from the acid solution by means of metallic Zn, 

The separated Sn does not adhere to Pt (distinction from 

Sb). A crystal of sodium hyposulphite thrown into the 

solution (containing HCl and Zn) produces a precipitate of 

’ brown Sns, 


10. Bead, white, malleable and very brilliant. In strong 
O. Fla reddish-brown incrustation is formed, which becomes 
carmine-red in presence of Pb and Sb. Silver. 


10a, Confirmation, When dissolved in HNO, and HCl added, a 
white curdy precipitate of AgCl is obtained, 


11. Bead, yellow, very brilliant, malleable and non-oxidiz- 
able. Gold. 


11a. Confirmation. VDissolve in- aqua-regia, and obtain a pre- 
cipitate of purple of Cassius with SnC\,. 


12. Red metal, ductile and oxidizable. Copper. 
12a. Confirmation, See Nos. 13 and 39, 


REMARKS, 


The following metals are obtained in the form of grey, 
infusible powder: iron, nickel, and cobalt, which are mag- 
netic, and molybdenum, tungsten, and the metals of the 
platinum group; the platinum metals cannot be clearly 
individualized by blowpipe reactions, but the remainder of 
the above-named metals give characteristic reactions with 
borax (Section II). ° 

Chromium compounds yield a yellow, and manganese 
compounds a green mass with sodium carbonate. These 
are detected in Section II. 

Some chlorides, iodides, bromides, and sulphides yield 
white, not very characteristic incrustations, without giving a 
metallic bead; these incrustations should not be confounded 
with those given above. The substances which yield these 
incrustations aré otherwise detected in due course. 

Evolution of ‘sulphuretted hydrogen, recognized by its 
odour, indicates a sulphate or sulphide. | a 


BLOWPIPE ANALYSIS. 


116 


*gpruvA0L19j winissejod surppe 
wo anjq sewiooeq oI ‘SutAip uo UrTe}s Mood B Saat 
"OH pus *ONH WM peueisiou pue ‘xoded uo dn u9xe) 
‘yeooreyo uO Psonpel je eu ayy, ‘wouvusyuod “D Zt 

*OO7*N 
ILM UTe}S wae18-atdde ue sgonpoid yor ‘UOTNyOs uaoid 
ve saad “ONH yu peusssiow pue ‘saded uo dn uoyey 
freooaeyo WO Peonpel [ejeur 34 y ‘moupmacy~uoy “29% 


‘ 








| 
‘UddIXD ! 





-sysol ssvur U9e1d © 
pue *oo"8N qua Bursny UO *norzvMmAyuoy “Dal 
‘OTH WN Surus}stow UO sreaddesip 
yor ‘s}NSal UTE}S uoais Be ‘saidip put IDH Surppe uo 
SEONH WHA UONNIOS pat © saats ‘iaded uo dn uexe) pus 
eooreyo UO peonpal [eyeul auL -worpursyuoy “vet 
“(1a 'O) Plow HOG WI 
peaoulal ore Ig pues qs pues e00IBYd UO PaysEeOl St 99UBIS 
-qns ayy yous sautooeq Ut Jt Sug WIM peonper waqs por 
sauioseq pvaq oTWsOIOINU SLL ‘worpusyfuon °vEr 


for 


| -moyad AqUENb 


BOL] . U9913-9[}}0€ | ‘ssapInojo7) yews =u ‘poy | 21 
PAIN | “Ao13-YSIMOTPA “fo1Z-YSIMOTOA . “UAOIG-YSIPPI : ‘JQJOLA | QI 
| “painojoo 
-QE0UBSUEAL -9S01 0} SSITINO[O) “sSopINojOD ; — “J@JOLA-YSIPPPA | “yOUTG 03 JOJOLA | SI 
ITEGOD | oni anid | anid | onig | v1 
‘saddod | ‘UMOIG | ‘SS]INOJOD | usaTs-YSINy_ | "Uugerx) | €1 
= oe Pe ee, remenee nn cee 
| "PIOD OH “PIOD 40H 








*‘suumpy Surmnpay 24? Uf 


———: 








- 








cane epee te RE at AAD 8 AIL A ent eee eT 


| 

nna 02 cn enero 
‘ ee 
‘auDyy FuyzipixO 24t UT 








A ren TT 


ISL pvag ay} Jo Inojod SY], 


“C1 ‘ON 


‘c£ ‘ON “AT WOR29S *pomnojod you st Pest ‘? 
1" 40 °O U paonpoad sr peaq parnofos VY 


‘aA wnUyEId UO xVIOG UE PIA[OSsTP Sf (anpyse) Aves oy. “II 


117 


SYSTEMATIC COURSE. 


‘of ‘ON 39G— *Pal-pooysq 0,4 JO VONIPpPe a3 JOYE +[OLd 
‘pror ‘moped Yow “LI Y | Ssajinojoo “pyo2 pur joy “TT 'O 
ay} UE SI Peaq OMUSODOION BY, “#OMsDUe4Y UID ‘ate 

"Le ON 
a3ag ‘pal-poojq aq jO UOHIPpe ay} JsIFe faniq ‘p77 pue 
‘gaais-Aip ‘7oy “La “A | SSapmMojoo “pjor pue 704 “LTO 
ay) Ur SE pYaq STWIsOoOIOWIU ayy, ‘“wosmnuedyfiuoy “vez 

“On3y Aq poonpoid si ayeyidisaid Moped & ‘pio 
ons08 YA UOTVOYIpIO’ pur ‘OT qYM uolNoeNxs “ONY 
pue §Ooo'eN qua uoIsny sayy ‘woyvusyuod “Pz 
‘adidmojq ay) Aq Aqurez1a9 
anjosqe YILM paysajap aq jouur-y ‘wospmsyuod ‘DIE 


| ‘aniq Surmey “hq 








{0} umuTE uo “ON pus ODEN TA Suisn 
uo paurejqo si sseur mopad y ‘Hosvutsifuod “vO 
‘aniq daap plow 343 smojoo *Ooyw 343 “3t uodn 
Sunpeaiq 310 joyooye Zurppe uay pu ‘ucods wnuned 
eur fOS ET YA Zunsaaip uQq ‘xeyvaayfuog “v6 
*aIe4s 
uMOoIg & SdALS aptuvfoouay wunissejod “prow onase YIM 
Sursjippe sayy = ‘saded uo dn uaye; si ‘Bujuajsiow oye 
‘nue @Op eN qa dn punoid st sseu posny otf} ‘resids 
umuned v uo Ooy TH WM pasty ore spunodmoa tunivem 
ajqnjosuy *(uoal wos uONoUNSIp) uesid fnyNeod ‘7707 
‘ug018-AMIp ‘7oy “LY { uaes3-ystmopjad ‘p702 ‘morad Joy 
“ra ‘Qaysul pvaq susososo ayy, ‘worspucafuod “Pgl 


‘SS3]INOjO") | 








ENIULWT | “UMOIG 0} AOTIAA | ‘UMOIG 0} MOTTOA 0d Pz 
“avy “WeUd Jes ij 
‘moysBun], | “UMOIG-YSIMOTIIA "MOT[AA -8u0.38 ‘ssapInojo7 | 0d | £z 
‘umipeaBA © “U901d-plerauly "YysIUMOIg © “MOT[AA-YSTUdaI | od zz 
' +moypaX pyes AT | 
TENIIIZ) | *SSO[INO]O’) ‘sSapInojo?) -Suo1s‘ssapgnojor | 0g IZ 
tamnuelys) | «| “U9013-pye1auiy UdaIXy , u9ai3-sses) | 0d Oz 
_  ‘gutpedo *pyes 
‘amuapgfjoywy : «= “(piqin}) umoig ‘umoig Ajsuons “oq | 0g 61 
ata ‘mood Aquenb 
“THOUNTUeI ) | "u9913-3T}}0g "UID | *SSaJINO[O7) | jjews ur ‘poy gi 
PIOD 0H PID 0H 
IUD] TUIIM PIN FYZ UT "IUD YT LUITPIXC 247 UT 











BLOWPIPE ANALYSIS 


118 


"Od pure ‘ay ‘TW (Ia) 
anjq ‘por pue ‘uaas3 - ysinjq Yor ‘(‘TA°O) 
painojoo-winjd ‘gyos pue yoy ‘si pvaq a4], ‘¢ 


‘ayy pure uy ‘ssapinojoo ‘p7o02 ‘mora Yoy ‘st 
peaq 94} uoTEpixo ajajduiosul Ag = "Ua013-[O1I}1A 
0} paonpal US BAA TeOIIVYyD uo f (‘Tq “Y) uae 
-aqj0q ‘zor ‘moypad Foy £14 °O) JOIA-Ystuao1g 
‘yj09 ‘pai-poorq 0} yajora “fox st pesq xyz, *¢ 





‘anyq Si pvaq dU], *» 


: UIA 1g UO xXe10q 
Ul paajossip oie ssvzF ay} JO syusuIseIy “VY 


09 


: pautwexa Ajajeredas assay} 
pure ‘peaq aIT]e}oUW 9y} Woy payeredas $1 SSEIS OY} 
DUI} WOYS B DYY_ “Peay op] e Jo UOIPpE 94} 
YMA TeooeYyS uo paonpas way} are Ady) faim ayy 











07) pure ag Jo passo} pur ‘aouejsqns 94} WILMA payeinjes oe 
(TI'O) aniq “yze2 ‘uaes13 Yow ‘st pvaq ayy ‘dg sp¥aq xe10q [e19ABG ‘nouvurmura [0190G5 ‘DSZ 
‘INT pue 3,7 | | GOVINIeS 0} sul 
ns) pur oq | | -po0ao8 ‘MoT[aA 10 Uaatt) 
"OD pur aq | ° | ‘anjq ‘uses qYySrT | 
‘IN Yonur pure oF | ‘OM ‘anqg ‘uMoIg | “UMOIG~JOJOLA, 
"IN Bp] ‘OD ‘ay | ‘On | “an]g-Yystusers "UdIID | — "U991B-YSMOTIAA 
‘IN ‘07 ‘aq SUT | UddIt) | Uda15-YSIN]S] ‘onyq-Aarry "uda1t) 
Ot) pur ‘ag ‘uy : ‘ony gq | *u99013-YsIn[_ “INOjOI-WN{ | *ANO[OS-WIN] 
‘oq pue uy | ‘u9913-3]N0g | “MOTTAA | “JOFOLA-ISIUMOIG | ‘P2A-poojq 0} JO[OtA 
| "POD ; 0H | PIOD "OH 


a ee = remem, 





eeuteiatbanmeteanatiomnrarnediternanetaeeeeieteted 


| ‘auengy Suranpry uz 








"MUPL YT SUtstpexg UT 


Ja ‘SOplxo BULINOJOD [eIVAVS JO aduVsaid oY} WO. SUOI}D¥AI afqnop smoys preg sy “Sz 


SYSTEMATIC COURSE, 119 


B. The “ead bead is treated with boric acid on charcoal 
(O.F1.) to remove the lead, and the residue is dissolved in 


microcosmic salt: 


a. The bead is, cold, blue (O. Fl.); reduced with Sn on 


charcoal, red. Cu. 
B. The bead is, cold, yellow (O. F1.). Ni. 
y- The bead is, cold, green (O. F1.). Cu and Ni. 


II. The substance is fused with acid potassium sulphate, 
and a strip of zinc is placed 4n the solution after acidi- 
fication with HCl. (To be omitted if W, V, Ti, and 
Nb are not to be sought for.) 


The solution becomes coloured as follows: 


26. Blue, then green, and finally dark-brown. 
Molybdic acid. 


26a, Confirmation. Already found by No. 19, 


27. Blue, then copper-red. Tungstic acid. 
27a, Confirmation. Sce No, 23. 


28. Blue, then green, and lastly violet. Vanadic acid. 
28a, Confirmation. See No, 22. 

29. Green. Chromic acid. 
29a. Confirmation, Already found hy No. 20, 

30. Violet. Titanic acid. 


300, Confirmation, See No. 24. 


31. Blue; strongly acid solution, brown. Niobic acid. 
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Examination for Acids: 


40. Yellowish-green, similar to the Ba flame, Malybdic acid. 
40a, Confirmation, Gave with borax the reaction No. r9. 


41. een ovenereen (the salts are moistened with H,SO,). 
Phosphoric acid. 
4rd, Confirmation. On heating with Mg in closed tube, and 
moistening with water, PH, is evolved. 
. Beautiful green (the salts are moistened with H,SO,). 
Boric ee 


42a, Confirmation. On heating with CaFl, and HKSO, 
latinum spoon, an intense green flame of boron fucride 
is produced. 


REMARKS? 
Chlorides and nitrates also give green flashes; but the 
colouration is faint, and soon disappears. 
The flame colours of the elements already detected, viz., 


As, Sb, Pb (blue), and Zn (greenish-white), are mostly 
obscured by the application of concentrated H,SO,. 


V. The substance is moistened with cobalt solution, and 
strongly heated on charcoal. : 


43. Blue infusible mass. Alumina. 
44. Blue infusible mass. Phosphates of the earths. 
45. Blue infusible mass. Silicates of the earths. 


43a. Confirmation, No flame colouration obtained in Noa, 41 ; 
and no silica-skeleton with microcosmic salt. 


442, Confirmation. <A yellowish-green flame-colouration was 
obtained in No, 41. 


45a. Confirmation, With microcosmic salt a silica-skeleton is 


obtained. 
46. Blue glass. Alkaline borates. 
47. Blue glass. | Alkaline phosphates. 
48. Blue glass. Alkaline silicates. 


46¢, Confirmation, A beautiful green flame-colouration is ob- 
tained in No. 42, 

472. Confirmation, A yellow ish-green flame-colouration is ob- 
tained in No. 41. 

48a. Confirmation, With microcosmic salt a silica-skeleton is 
obtained, 


122 BLOWPIPE ANALYSIS. 


49. Flesh-red mass. Magnesia. 
50. Violet mass. Zinc Oxide. 


51. Green mass. Oxides of Zinc, Tin, Antimony, and 
Titanium. (Already found.) 


Vi. ‘The substance is heated with Na,CO, in a glass tube 
closed at one end. 
52. Metallic sublimate, which may be collected into beads. 


Mercury. 


52a Confirmation. Heated with NajS,OQ, in the closed tube, 
black HgS is obtained. 


53. Odour of NH, Ammonia. 
53a. Confirmation. White clouds with HCl. 


DETECTION OF ACIDS. 


VII. The substance is heated with HKSO, in a tube closed 
at one end. 


a A coloured gas is evolved. No. 54, 

4. A colourless but odorous gas is evolved. No. 60. 

c. A colourless and inodorous gas is evolved. No, 68. 
da. No reaction is obtained. VIII., No. 71. 


54. Red vapours with odour of nitrous acid. 
Nitric or nitrous acid. 


s4a. Confirmation. <A strip of paper, moistened with ferrous 
sulphate solution, placed in the t e, turns brown. 
Nitrates heated with powdered potassium cyanide on 
platinum foil deflagrate with explosion. 


55. Yellowish-green gas, with odour of Cl. —_ Chloric acid. 
55a. Confirmation, The substance detonates on charcoal. 
56. Violet vapours, which turn starch-paste blue. _ Iodine. 


s6a. Confirmation. Yodide compounds added to a microcosmic 
bead containing copper oxide colour the flame a pure 
green, 
57. The preceding reaction obtained on adding ferrous 
sulphate. Iodic 


sya. Confirmation, ‘The substance detonates on charcoal, 
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58. Reddish-brown vapours, which turn starch- paste 
yellow. Bromine. 


58a. Confirmation. Bromine compounds added to a microcosmic 
bead containing copper oxide, colour the flame greenish- 
blue, 


59. The same reaction. Bromic acid. 
59a. Confirmation. The substance detonates on charcoal, 


60. Vapours which give white clouds with NH,, and have 
the odour of Hydrochloric acid. 


6oa, Confirmation, Chlorine compounds added to a micro- 
cosmic bead containing copper oxide, colour the flame an 
intense blue. 
61. Pungent, corrosive gas, which attacks glass. 
Hydrofluoric acid. 
62. Odour of sulphuretted hydrogen. Hydrosulphuric acid. 


62a, Conjirmation, Sulphides heated in an open tube held 
obliquely evolve SQ,, known by its odour, and its action 
on moist blue litmus paper, 


63. Odour of burning sulphur, without separation of 
sulphur. Sulphurous acid. 


64. The same reaction, with separation of sulphur. . 
Thiosulphuric acid. 


65. Peculiar pungent odour, brings tears into the eyes, and 


renders lime-water turbid. Cyanic acid. 
66. Acetic odour. Acetic acid. 
67. Odour of hydrocyanic acid. Hydrocyanic acid. 
68. The gas is expelled with effervescence, and renders 
lime-water turbid. Carbonic acid. 
69. The gas burns with blue flame. Carbonic oxide. 
70. Carbonization takes place. Organic acids. 


VII. The substance, which forms a sulphide when heated 
on charcoal with Na,CO,, is heated with caustic 
potash in a platinum spoon, and the whole is thrown 
into water along with a clean silver coin. 


71. The coin does not become brown. Sulphuric acid. 
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1a, Confirmation, ‘To detect sulphuric acid in presence of 
sulphur compounds (No, 62), the substance is dissolved in 
water acidified with nitric acid, and the sulphuric acid‘is 
precipitated by means of BaCl,. 
Insoluble sulphates are first boiled with a solution of Na,CO,, 
filtered and acidified. 


IX. The following acids have been already found : 
72. Phosphoric (No. 41), Boric (No. 42), Silicic (No, 45). 


Il. SYSTEMATIC EXAMINATION OF COMPOUND 
SUBSTANCES. 


& 
AFTER EGGLESTON. 


The substance may contain As, Sb, S, Se, Fe, Mn, Cu, Co, 
Ni, Pb, Bi, Ag, Au, Hg, Zn, Cd, Sn, Cl, Br, I, CO,, SiOg, 
HNO,, H,0, &c. 

The substance is heated on charcoal in the oxidizing flame 
to detect volatile constituents, such as 4s, Sd, S, Se, Pé, 

Bi, Cd, &c. (par. 25 et seq.). 





: Volatile constituents are present, 
, (1) Produce an incrustation, and treat this 
with microcosmic salt and Sn for Sb (par. 99), 
,or separate Pb and hi, according to pars. 98 
jand 109. 
| a sieges bake With microcosmic 
7, salt, black bead, disappearing with blue 
wie, Hate ing ih no Fan 2 Beg 
absent. &. Yellow incrustation, usually with white 
border. With microcosmic salt, black 
or grey bead, disappearing with blue 
flame; the border disappearing with 


Divide into 
three parts, | 
and goto A. | 


green flame. , Sb, 
¢. Yellow incrustation, as in 4, but no blue 


(2) Odour of As, S, Se, or in presence of Sb; 
roast a larger quantity on charcoal until. the 
volatile constituents are removed, or the odour 

disappears; divide into three parts, and go to A 


| 
| 
| flame. Bi, Sb. 
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A. Treatment of the First Pari. 


Dissolve a small quantity in borax on platinum wire in the 
O. Fl, and note the colour. When several oxides are present, 
successive colours often appear; in this case, saturate the 
bead and toss it off into a porcelain dish (par. 40). Prepare 
several beads in this way, and treat them on charcoal with 
Pb, Ag, or Au in a strong R. FI. (pars. 118 and 121). If the 
mass spreads over the charcoal, continue blowing until a bead 
is formed. 

The metallic bead is removed from the borax whilst hot, 
or with a hammer when cold, all fragments being carefully 


preserved. 


The metallic bead contains 
the reduced Ni, Cu, Ag, Au, 
Sn, Pb, and Bi (Sn, Pb, and 
Bi are partially volatilized). 

Treat the bead on charcoal 
in the O. FI. until all the Pb 
is removed, or remove the Pb 
with boric acid (par. 120). Ni, 
Co, Ag, Au remain behind. 


Treat the residue on char- O. Fl 


coal (O. FL) with microcosmic 

salt, and remove the bead 

whilst hot : : 

A green bead when cold indi- 
cates (par. 121) Ni and Cu. 

» yellow ,, » Ni. 

» blue ,, » Gn. 

The Cu bead heated on 
charcoal (R. FI.) with Sn be- 
comes red (par. 119). 

The presence of Ag and Au 
is ascertained by special exa- 
mination. 


Tke borax retains the Fe, 
Mn, Co, &c. 

Dissolve a fragment of the 
bead in borax on the platinum 
wire; a blue bead results. Co. 

In presence of much iron 
add more borax to detect the 
Co (par. 117). 

Dark violet or black bead in 
. Fi. "Man. 

When only Fe and Mn are 
present, an almost colourless 
bead (R. F1.) results. 

Test in the wet way (par. 
65) for Cr, Ti, Mo, Nb, W, 


B. Treatment of the Second Part. 
eat on charcoal in R. Fl. with Na,CO,, and look for 


indications of Zn, Cd, and Sn. 


If a white incrustation 


results, treat with cobalt solution (par. 60). — 
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C. Treatment of the Third Part. 
Dissolve in microcosmic salt on platinum wire (O. Fl.) for 
SiO,, and test for Mn with KNO, (par. 143). 


Special Tests, 


1. To confirm As heat on charcoal with Na,CO,, or in 
closed tube with dry Na,CO, (par. 103 et seq.). 

2. Dissolve in microcosmic salt on platinum wire in the 
oxidizing flame (provided the assay is neither a metal nor 
contains $), and test for Sb on charcoal with Sn in R. FI. 
(par. 99). 

3. Test for Se on chargoal (par. 151). 

4. In absence of Sc fuse with Na,CO, (R. F1.), and test for 
S on silver foil (par. 156). IfSe be present, test for S in an 
open tube (par 14). To distinguish between sulphides and 
sulphates see par. 157. 

5. Test for Hg by heating in closed tube with dry Na,CO, 
(No. 32 of the table at the end of the book). 

6. Fuse with assay-lead and borax-glass on charcoal in 
R. Fl. Cupel the Pb bead for Ag (par. 155). Test for Au 
by means of HNO, (par. 127). 

7. Test for Cl, Br, and I by microcosmic bead containing 
Cu (pars. 111, 113 and 128). 

8. Test for Cl and Br with HKSO, (par. 62). 

g. Test for water in closed tube (par. 9). 

1o. Apply flame-colouration tests (par. 41). 

11, Test for CO, with HCI. « 

12, Test for HNO, by means of HKSO, (par. 149). 

13. Test for Te according to par. 158. 
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INDEX. 


References to Oxides and Salts are included under the general 
heading of the corresponding metal, 


Acetates, behaviour of, 58 

Acetic acid, as a reagent, 63; 
evolution of, 58 

Acid potassium sulphate, as a 
reagent, 11; reactions with, 56 

aoe earths, behaviour of, 23, 
2 

io a salts, behaviour of, 23, 
2 

Alum, behaviour of, 26 

Aluminium, behaviour of, 38, 40, 
53: 54, 135 

Aluminium plate, as a support, 8; 
assay on, 2 

Amalgams, behaviour of, 21, 24 

Ammonia, evolution of, 20; asa 
reagent, 63 

Ammonium salts, behaviour of, 
20, 133; special examination 
for, 78 

Ammonium sulphide, as a re- 
agent, 63 

Antimony, behaviour of, 21, 24, 
26, 28, 39, 40, 43, 55, 56, 68, 
138; special examination for, 


7 
Antimony sulphide, behaviour of, 
22 
Agpparatus and reagents, I 
Aqua-regia, as a reagent, 63 
Arsenic and its compounds, be- 
haviour of, 21, 24, 26, 27, 32, 


43, 56, 68, 138; special ex- 
amination for, 80 

Arsenic sulphides, behaviour of, 
22 

Asbestos fibre, as a support, 61 


Barium, behaviour of, 27, 38, 40, 


43, 45) 50, 53: 55, 134 
Beryllium, behaviour of, 38, 40, 


53) 55, 136 

Bismuth, behaviour of, 23, 24, 
26, 29, 39, 41, 56, 68, 139; 
special examination for, 82 

Bismuth nitrate, as a reagent, 63 

Blast, the, 17 

Blowers, mechanical, 3 

Blowpipe, 1; Black’s, 2; stand, 
2; gas, 7 

Blowpipe analysis, operations of, 
14 

Blowpipe apparatus, Fletcher’s, 3; 
self-acting, 5 

Blowpipe flame, 5 

Blowpipe lamp, Berzelius’, 6 

Blowpipe reactions, condensed 
view of, 127; Plattner’s tabular 
view of, 133 

Berates. See Boric Acid 

Borax, as a reagent, 10; ex- 
amination with, 35; behaviour 
with (table), 38 

| Border-colours, 47 


158 


Boric acid, as a reagent, 11 

Boric acid and the borates, be- 
haviour of, 26, 27, 43, 48, 54; 
special examination for, 83 

Bromine, as a reagent, 63; evo- 
lution of, 20, 57 

Bromine compounds, behaviour 
of, 19, 20, 26, 575 special ex- 
amination for, : 

Bunsen-lamp, § 

Bunsen’s flame reactions, 60 

Bunsen’s flame examination, 
operations of, 64 


Cadmium alloys, behaviour of, 21 

Cadmium, behaviour of, 26, 33, 
39, 40, 56, 68, 1393; special 
examination for, 85 

Cesium, behaviour of, 44, 45 

Calcium, behaviour of, 27, 38, 


40, 43, 45, 51, 53, 55, 135 
Carbon dioxide, evolution of, 20, 


Carbon monoxide, evolution of, 
20, 58 

Carbonates, behaviour of, 20, 58 
Carbonization, 23 

Caustic soda, as a reagent, 62 
“oo behaviour of, 39, 41, 535 

40 
Charcoal, as a support, 7; assay 


n, 2 

Charcoal splinter, as a support, 
62; reduction on, 65 

Charcoal substitute, 8 

Chlorine compounds, behaviour 
of, 19, 20, 26, 48, 573 special 
examination for, 85° 

Chlorine, evolution of, 20 

Chlorine tetroxide, evolution of, 


57 
Chromic acid, behaviour of, 58, 59 
Chromium, behaviour of, 39, 41, 
53> 56 59) 74, 141; special ex- 
amination for, 85 
Cinnabar, behaviour of, 22 
Cobalt, behaviour of, 26, 28, 39, 


INDEX. 


41, 56, 71, 141; special exam- 
ination for, 86 
Cobalt nitrate, as a reagent, 12 
Cobalt solution, reactions with, 53 © 
Colour, change of, 22 
re glasses, 9; action of, 


4 

Condensed view of blowpipe re- 
actions, 127 

Copper, behaviour of, 26, 27, 28, 
39, 41, 43, 51, 56, 72, 142; 
special examination for, 88 

Copper chloride, behaviour of, 
27, 43, 51 ; 

Copper nitrate, behaviour of, 51 

Copper oxide, as a reagent, 12 

Course of examination, syste- 
matic, 110; Egleston’s, 124 

Cyanic acid, evolution of, 58 

Cyanogen compounds, behaviour 
of, 20, 58 

Cyanog gen, evolution of, 20 


riage 23, 26 

Deflagration, 2 

Didymium, PenavIOnE of, 38, 40, 
142 


Earths, behaviour of, 23, 26 
Egleston’s course of examination, 


124 
Elements, the, flame reactions 
of, 67 | 
Erbium, behaviour of, 136 
Examination of substances, order 
of, 17 
Examples for practice, vii. 


Ferricyanides, behaviour of, 58 

Ferrocyanides, behaviour of, 58 

Films on porcelain, 65 

Flame colouration, 26; examina- 
tion with respect to, 42 

Flame-colours, 47 

Flame, oxidizing, 15; reducing, 
15; structure of, 14, 60 

Flame reactions, 60 


INDEX. 


Flaming, 37 

Fletcher's blowpipe apparatus, 3 

Fluorine compounds, behaviour 
of, 20, 57; special examina- 
tion for, 89 

Fluorspar, as a reagent, 11 

Formates, behaviour of, 20, 58 

Fusibility, 23, 26 


Galena, behaviour of, 23 

Gas, evolution of, 19, 57 

Glass tube closed at one end, 
assay in, 18 

Glass tubes, as supports, 9, 62 

Glasses, coloured, 9; action of, 


4 
Gold, as a reagent, 13 
Gold, behaviour of, 26, 28, 31, 
56, 72, 143; special examina- 
tion for, 90 


Haloid salts, behaviour of, 26 

Hutchings: aluminium plate re- 
actions, 25 

Hydriodic acid, fuming, as a re- 
agent, 62 . 

Hydrochloric acid, as a reagent, 
13; behaviour of, 48; evolution 
of, 57 

Hydrofluoric acid, evolution of, 


20, 57 


Incrustation, formation of, 27 

Indigo prism, 10 ° 

Indium, behaviour of, 26, 31, 43, 
45, 68, 143 

Intumescence, 26 

Iodine compounds, behaviour of, 
19, 20, 26, 57; special examina- 
tion for, 91 

Todine, evolution of, 20, 57 

Jridium, behaviour of, 26, 28, 72, 


143 
Irgn, behaviour of, 23, 26, 28, 


39, 41, 56, 70, 144; special 
examination for, 91 
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Lanthanum, behaviour of, 38, 40, 
145 

Lead acetate, as a reagent, 63 

Lead, as a reagent, 12 

Lead, behaviour of, 23, 26, 27, 
29, 39, 40, 43, 56, 68, 145; 
special examination for, 94 

Lithium, behaviour of, 27, 43, 
45, 50, 133.3 special examina- 
tion for, 95 


Magnesium, behaviour of, 38, 40, 
532 555 135 ; 
Magnesium arsenate, behaviour 
of, 55 

Magnesium phosphate, behaviour 
of, 55 

Magnesium wire, as a reagent, 12 

Manganese, behaviour of, 39, 41, 
53). 56, 75, 1463 special ex- 
amination for, 9 

Mantle-colours, 47 

Mechanical blowers, 3 

Mercuric cyanide, as a reagent, 63 

Mercury, behaviour of, 21, 23, 
24, 56, 68, 146; special ex- 
amination for, 96 

Mercury chlorides, behaviour of, 
21 

Merz: flame colouration, 46 

Metal-reduction, 27 

Microcosmic salt, as a reagent, 10; 
examination with, 35; behav- 
jour with (table), 40 

Minerals, behaviour of, 23, 26 

Molybdenum, behaviour of, 20, 
28, 34, 39 41, 52, 56, 59, 73, 
147; special examination for,97 

Molybdic acid, behaviour of, 27, 


43, 48 


Nickel, behaviour of, 26, 28, 39, 
41, 56, 7o, 1485 special ex- 
amination for, 97 

Niogium, behaviour of, 26, 38, 


41, 53 55» 59) 74, 148 
| Nitrates. See N itric Acid 
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Nitric acid, as a reagent, 13 
Nitric acid and the nitrates, be- 
haviour of, 19, 20, 26, 43, 47, 
57; special examination for, 98 
Nitrites. See Nitrous Acid 
Nitrogen tetroxide, evolution of, 


Nitrous acid and the nitntes, 
behaviour of, 29, 47, 57 


Odour, 26 

Open glass tube, assay in, 23 

Organic acids, behaviour of, 58 

Organic compounds, nitrogenous, 
behaviour of, 20 


Organic substances, behawiour 
of, 23 

Osmium, behaviour of, 21, 26, 
72, 149 


Oxalates, behaviour of, 20, 58 
Oxygen, evolution of, 19, 58 


Palladium, behaviour of, 26, 28, 


71, 149 
Peroxides, behaviour of, 19 
Phosphates. See Phosphoric 
Acid 


.Phosphorescence, 23 

Phosphoric acid and the phos- 
phates, behaviour of, 27, 43, 
48, 54, 76; special examination 
for, 99 

Platinum, as a support, 8, 61 


a 


Platinum, behaviour of, 26, 28, | 


§6, 71, 149 
Plattner’s tabular view of blow- 
pipe reactions, 133 
Polythionates, behaviour of, 57 , 
Potassium, behaviour of, 27, 44, 
45, 48, 133 
Potassium chlorate, as a reagent, 
1X 


Potassium cyanide, as a reagent,. 


It 
Potassium ferrocyanide, as a re- 
agent, 63 


Potassium nitrate, as a reagent, 11 | 


INDEX. 


Potassium oxalate, as a reagent, 
fe 

Potassium sulphate, acid, as a 
reagent, I1; reactions with, 56 

Prism, indigo, 10 


Rhodium, behaviour of, 26, 28, 


72, 150 
Rubidium, behaviour of, 44, 45 


_ Ruthenium, behaviour of, 150 


Selenium and its compounds, 
behaviour of, 22, 24, 26, 27, 
33, 43, 53, 68; special ex- 
amination for, 99 

Silica, as a reagent, 12 

Silica. See Silicon Compounds. 

Silicates. See 3% 

Silicon compounds, behaviour of, 
26, 38, 40, 52, 54, 76, 1373 
special examination for, 99 

Silver, as a reagent, 13 

Silver, behaviour of, 26, 28, 30, 
38, 41, 56, 72, 150; special 
examination for, 100 

Silver chloride, as a reagent, 12 

Silver nitrate, as a reagent, 62 

Sodium, behaviour of, 43, 45, 49, 
133 

Sodium carbonate, as a reagent, 
II; reactions with, 52 


| Sodium hyposulphite, as a re- 


agent, 1£3 reactions with, 55 
Special examination for certain 
elements in combination, 77 

Spectroscope, 44 

Spectrum analysis, 44 

Spectruim lines, table of, 45 

Stannouys chloride, as a reagent,62 

Strontium, behaviour of, 27, 38, 
40, 43, 45) 51, 53, 55, 134 

Sublimate, formation of, 20 

Sulpharsenides, behaviour of, 21 


Sulphates. See Sulphur Com- 
pounds ri 
Sulphites. See Sulphur Com- 

pounds 


INDEX. 


Sulphur and its compounds, be- 
haviour of, 19, 21, 24, 26, 53, 
57, 58, 76; special examination 
for, 102 

Sulphur dioxide, evolution of, 19, 


Sufphuretted hydrogen, evolution | 


of, 19, 58 
Sulphuric acid, as a reagent, 13; 
reactions with, 56 
Supports, flame, 7, 61 
Systematic course of examina- 
tion, 110; Egleston’s, 124 
Systematic examination of com- 
pound inorganic substances, 


109 


Tantalum, behaviour of, 26, 38, 
41, 53, 55) 74, 151 

Tellurium and its compounds, 
behaviour of, 21, 24, 26, 33, 
38, 40, 43, 53, 68, 151; special 
examination for, 103 

Test papers, I 

Thallium, Pa aed of, 26, 31, 


43, 45, 56, 68, 152 
Thorium, behaviour of, 38, 40, 


53: 137 

Tin, as a reagent, £2 

Tin, behaviour of, 23,'26, 30, 38, 
49, 55; 56, 73, 1523 special 
examination for, 104 


' Water, 


161 


Titanium, behaviour of, 26, 38, 
41, 52, 55) 59) 74s 1533 special 
examination for, 105 

Tungsten, behaviour of, 26, 28, 


39 41, 52, 59, 74, 1545 special 
examination for, 106 


Uranium, behaviour of, 39, 41, 


53, 56, 75, 1553 special ex- 
amination for? 107 


Vanadium, behaviour of, 39, 41, 
539 59) 75, 155; special exami- 
nation for, 107 

Vapour, evolution of, 19 


evolution of, 19; me- 

chanically included, 19, 26 
Water of crystallization, 19 
Water of hydration, 19 


Yttrium, behaviour of, 38, 40, 
53, 136 


Zinc and se Aes pas acid, reac- 
tions with, 58 

Zinc, as a reagent, 13 

Zinc, behaviour of, 23, 26, 
39, 40, 55, 56, 68, 156; special 
examination for, 108 

Zirconium, behaviour of, 38. 40, 


53. 55, 136 
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KIBPERT—CLASS-BOOK OF AN CIENT GEOGRAPHY; 
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after Kart Haim, with Corrections and large Additions by 
Professor JOHN E. B, Mayor, M.A., Fellow and Classical 
Lecturer of St. John’s College, Cambridge. New Edition, 
revised. Feap. 8vo. 4s, 6d. 


BIBLIOGRAPHICAL CLUE TO LATIN LITERA- 
TURE, Edited after Hilpner, with large Additions hy 
Professor Jou& E. B, Mayor, Crown 8vo. 6s, 6, 


MAYOR (JOSEPH 8B.)~-GREEX FOR BEGINNERS. By 
the Rev, J. B. Mayor, M.A., Professor of Classical Literature 
in King’s College, London. Part I., with Vocabulary, 1s. 6d, 
Parts II, and III., with Vocabulary and Index, 35. 6d. come 
plete in one Vol. New Edition, Feap. 8vo, cloth. 4s, 6d. 


WIXON—PARALLEL EXTRACTS sxranged for translation 
into English and Lafin, with Notes on Idioms, By J. E. 
Nixon, M.A., Classical Lecturer, King’s College, London, 
Part I.—Historical and Epistolary. New Edition, revised 
and enlarged. Crown 8vo. 35, 62. 
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NWrxen Continiiead— 
4d FEW NOTES ON LATIN RHETORIC, With 
Tables and Illustrations, By J. E. Nixon, M.A. Crown 
Svo. 23. 


PRILE (JOHM, M.A.)—AN INTRODUCTION TO GREER 
AND LATIN ETYMOLOGY. By Joun Puttz, M.A., 
Fellow and Tutdt of Christ’s College, Cambridge, formerly 
Teacher of Sanskrit in the University of Cambridge, Third 
and Revised Edition. Crown 8vo. 10s. 64, 


A PRIMER OF PHILOLOGY, 18mo0, 15, By the same 
Author. 


e 
PINDAR—Z7HE EXTANT ODES OF PINDAR. Treonslated 
into English, with an Introduction and short Notes, by Ennest 
Myers, M.A., Fellow of Wadham College, Oxford, Crown 
Bvo. 5s. 


PLATO—ZHE REPUBLIC OF PLATO. Translated into 
English, with an Analysis and Notes, by J. Li. Daviss, 
M.A., and D. J. Vaucuan, M.A. New Edition, with 
Vignette Portraits of Plato and Socrates, engraved hy Jans 
from an Antique Gem. 18mo. 4s. 6d, 


PHILEBUS, Edited, with Introduction and Notes, by 
HEnry Jackson, M.A., Fellow of Trinity College, Cambridge. 
Svo, [i preparation. 


PLAUTUS—Z7HE MOSTELLARIA OF PLAUTUS. With 
otes, Prolegomena, and Excursus. By WiLtuiaM Ramsay, 
M.A., formerly Professor of Humanity in the Univemity of 
Glasgow. Edited by Professor Grornce G. Ramsay, M.A., 

of the University of Glasgow. 8vo. 145, 

POTTS (A, W., M.A4.)—Works by ALEXANDER W. Ports, 
M.A., LL.D., late Fellow of St. John’s College, Cambridge ; 
Head Master of the Fettes College, Edinburgh. 

HINTS TOWARDS LATIN, PROSE COMPOSITION. 
New Edition, xtra fap. Svo. 3¢. 

PASSAGES FOR TRANSLATION INTO LATIN 
PROSE. Crown 8vo, [lm the press. 
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ROBY—4 GRAMMAR OF rite Lari ranetawe ‘trom 
;Plantus to Suetoniua,” ‘By H, J. Rosy, M.A., late Fellow of 
“St, John’s College, Cambridge. Yn Two Parts. “Third Edition, 
Part L. couteining Book I, Sounds. “Book II.’ Inflexions, 
Book III, Word-formation. Appendices. Crown 8vo. &s. 6d. 
Part IL—Syntax, Prepositions, &e. Crown Sve, 208 Gd. |. 
“Masked by the clear and pinctised insight ofa matter ia “his art. 
_ A book that would do honour te any country." —~ATHENAUM, 
SCHOOL LATIN GRAMMAR, By the same Author. 
[in the press. 
RUSH—SYNTHETIC LATIN DELECTUS. A First Latin 
Construing Book arranged on the Principles of Grammatical 
Analysis. With Notes and Vocabulary. By E, Rusu, B.A. 
With Preface by the Rev. W. F. Moutron, M.A., D.D. 
Extra feap. 8vo. 2s. 


nuer—FIRST STEPS 70 LATIN PROSE COMPOSITION. 
By the Rev. G. Rust, M.A. of Pembroke College, Oxford, 
Master of the Lower School, King’s College, London, New 
Edition, 18mo. 15. 6d. 


RUTHERFORD—A FIRST GREEK GRAMMAR, ByW.G&. 
Ruruerrory, M.A., Assistant Master in St. Paul’s School, 
London, Extra fcap, 8vo. 15. 


SEELEY—A PRIMER OF LATIN LITERATURE. By 
Prof. J. R. SERLEY, [Js preparation, 


SHUCKBURGH-—A LATIN READER. By E. S, Suuck. 
BURGH, M.LA., Assistant Master at Eton College. 

[/n preparation, 

TACITUS—COMPLETE WORKS TRANSLATED, By A.J. 
Cxorcn, M.A. and W. J. Bropriss, M.A. 


THE HISTORY, With Notes and a Map, New Edition. 
Crown Syo. 6s. 


THE ANNALS. With Notes and Maps. New Edition, 
Growa 8y0, Fs. 6d, 


THE AGRICOLA AND GERMANY, WITH THE 
DIALOGUE ON ORATORY. With Maps and Notes. 
New anid Revised Edition. Crown 8vo, 4s, 6¢, 
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THnorMRASTUA_T 77 CHARACTERS OF THEO 
“PHRASTUS. An English Translation from s Revised Text. 
With Introduction and Notes, By R. C. Jezs, M.A., Pro- 
ripe Greek in the University of Glasgow. Extra feap. 8vo. 


THRING—Works by the Rev, HK. THRING, M.A., Head 
Master of Uppingham School, 


A LATIN GRADUAL, A First Latin Construing Book 
for Beginners. New Edition, enlarged, with Coloured Sentence 
Maps. Feap. 8vo. 2s. 64. 


A MANUAL OF MOOD CONSTRUCTIONS. Feap. 
8vo. 1s. 60. 


+ @& CONSTRUING BOOK. Feap 8yvo. 2s, 6d. 


VIRGIL—ZHE WORKS OF VIRGIL RENDERED IN70 
ENGLISH PROSE, with Notes, Introductions, Running 
Analysis, and an Index, by JAMES LONSDALE, M.A., and 
Samux. Len, M.A. New Edition. Globe 8vo. 36. 67. 
gilt edges, 4s. 6d. 

winkina—d PRIMER OF ROMAN ANTIQUITIES. By 
A, S. Wrixins, M.A., Professor of Latin in the Owens 
College, Manchester. ‘With Illustrations, 18mo. try. 


WRIGHT—Works by J. WRIGHT, M.A., late Head Master of 
- Sutton Coldfield School. 


HELLENICA; OR, & HISTORY OF GREECE IN 
GREEK, s related by Diodorus and Tlfucydides ; being a 
First Greek Reading Book, with explanatory Notes, Critical 
and Historicgl, New Edition with a Vocabulary. Fcap. 8vo, 
' 44, Gd. 

A HELP T0 LATIN ees or, The Form and 
Use of Words in Latin, with Progressive Exercises, Crown 
8vo, 4s. 6d, 

THE SEVEN KINGS OF ROME, An Easy Narrative, 
abridged from the First Book of Livy by the omission of 
Difficult Passages; being « First Latin Reading Book, with 
Grammatical Notes. ‘With Vacabulary, 3s. 64, 

[New and thoroughly revised edition, just ready. 
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Wrichr Contisned— 
“FIRST LATIN STEPS; OR, AN. 
BY 4 SERIES OF EXAMPLES TO THE STUDY 
OF THE LATIN LANGUAGE. Crown $vo.') §n 0 


ATTIC PRIMER, Arranged for the Use of ‘Beginners, 
Extra fcap. 8vo. 4s. 62, | 
A COMPLETE LATIN COURSE, comprising ‘Rules with 


‘Examples, Exercises, both Latin and English, on each Rule, 
and Vocabularies. Crown 8vo. 4s. 6d, 
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AIRY—Works by Sir G. B, AIRY, K.C.B,, Astronomer 
Royal ~~ 


ELEMENTARY TREATISE ON PARTIAL DIF- 
FERENTIAL EQUATIONS, Designed for the Use of 
Students in the Universities. With Diagrams, Second Edition. 
Crown 8vo. 55. ‘6d. 


ON THE AL Ter A ND NUMMRICAL 
THEORY -OF ERRORS OF OBSERVATIONS AND 
THE COMBINATION OF OBSERVATIONS, Second 
Edition,‘revised. Crown 8vo. 6s. 62, 


UNDULATORY THEORY OF OPTICS. Designed for 
the Use of Students in the University. New Edition, Crown 
Svo. 65. 6a."- 


ON SOUND AND ATMOSPHERIC VIRRATIONS. 
With the Mathematical Elements of Music, Designed for the 
Use of Students in the University, sates Edition, Revised 
and Enlarged. Crown 8vo. 95. 


A TREATISE OF MAGNETISM, Designed for the Use 
of Students in the University., Crown 8vo, Of. Od. 


AIRY (ORMUND)—A TREATISE ON GEOMETRICAL 
OPTICS. Adapted for the use.of the Higher Clisses in 
Schools, By Osmunn Arry, B.A., one of the Mathematical 
Masters in Wellington College, Extra fcap. 8vo. 34; 6d. 
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BAYMA-—THE ELEMENTS OF MOLECULAR MECHA+ 
AICS. By Joszrx ar S.J. Professor of Philosophy, 
Stényhurst College. Denry vo. ras, 62. 


BEASLEY—AN ELEMENTARY TREATISE ON PLANE 
TRIGONOMETRY, With Examples. By R. D, BEasiey, 
M.A., Head Master of Grantham Grammar School. Fifth 
Edition, revised and enlarged. Crown 8vo. 35. 64, 


BLACKBURN (HUGH)— ZZAMENTS OF FLANE 
TRIGONOMETRY, for the use of the Junior Class in 
Mathematics n the University of Glasgow. By Hucn 
BLACKBURN, M.A., Professor of Mathematics in the Univer. 
sity of Glasgow. Globe 8yo. 15. Gd. 


BOOLE— Works by G. BOOLE, D.C.L., F.R.S., late Professor 
of Mathematics in the Queen’s University, Ireland. 
A TREATISE ON DIFFERENTIAL EQUATIONS. 
Third and Revised Edition. Edited by I. Topyuntser, Crown 
8yo, 145. 


A TREATISE ON DIFFERENTIAL EQUATIONS. 
Supplementary Volume. Edited by I. TopxHunreR, Crown 
Svo, 85. 6d. 


THE CALCULUS OF FINITE DIFFERENCES. 
Crown 8vo. 105. 6d. New Edition, revised by JL F, 
MOULTON, 


BROOK-SMITH (J.)—ARITHMETIC IN THEORY AND 
FRACTICE, By J. Broox-Smirn, M.A., LL.B, St, 
John’s College, Cambridge; Barrister-at“Law; one of the 
Masters of Cheltenham College. New Edition, revised. 
Crown 8vo, 4s. 6¢, 


CAMBRIDGE SENATE-HOUSE PROBLEMS and RIDERS 
WITH SOLUTIONS :— 
1875-—PROBLEMS AND RIDERS. By A, G, GREENHILL, 
M.A, Crown 8vo. 85. 64. 
1878—SOLUZIONS OF SENATE-HOUSE PROBLEMS. 
By the Mathematical Moderators and Examiners. Edited by 
j. W. L. Gratsaer, M.A, Fellow of Trinity College, 
Caribridge. 125, 
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GANDLER--HELP TO ARITHMETIC. Designed for the 
use of Schools, By, H.‘Canpizr, M.A., Mathematical 
Master of Uppingham School, Extra foap. Bvo. as, 6d, 


CHEYNE—AN ELEMENTARY TREATISE ON THE 
PLANETARY THEORY. SBy'C. HL. H. Curyyz, MA, 
F.R.A.S. ‘With a Collection of spans: Second Edition. 
Crown 8vo. 6s. 6d. 


CGHRIsTIE—A COLLECTION OF ELEMENTARY TEST 
QUESTIONS IN PURE AND MIXED MATHE. 
MATICS ; with Answera and Appendices on Synthetic 
Divigion, and on the Solution of Numerical Equations by 
Horner’s Method. By James R. Curistim, F.R.S., Royal 
Military Academy, Woolwich. Crown 8vo. 8s. 60. 


CLIPPORD—ZTHE ELEMENTS OF DYNAMIC, An Ine 
troduction to the Study of Motion and Rest in Solid and Fluid 
Bodies. By W. K. Currrorp, F.R.S., Professor of Applied 
‘Mathematics and Mechanics at University College, London, 
Part IL.—KINETIC. Crown 8vo. 75. 6d. 


CUMMING—AN INTRODUCTION T0 THE THEORY 
OF ELECTRICITY. By Linnaus Cummine, M.A, 
one of the Masters of Rugby School. ‘With Illustrations, 
Crown'Svo. 85, 62. 


CUTHBERTSON—ZUCLIDIAN GEOMETRY. By FRAncis 
CUTHBERTSOM, M.A., LL.D. Head Mathematical Master of 
the City of London School. Extra fcap. 8vo. 4s. 62. 


DAL'TON— Works by the Rev. T, DALTON, M.A., Assistant 
Master of Eton College. 


ROLES AND EXAMPLES IN ARITHMETIC. New 
Edition. 18mo, 2%,6¢, 


[Answers 10 the Examples are appended, 


RULES AND EXAMPLES IN ALGEBRA. Pott 1. 
New Edition, 18mo. 2s. Part IT. s8moa 25. 64. 


16 MACMILLAN’S EDUCATIONAL CATALOGUE, 





DAY—PROPERTIES OF CONIC SECTIONS PROPED 
GRHOMETRICALLY. Past 1, THE ELLIPSE, with 
oe By the Rev. H. G. Day, M.A. Crown 8vo. 
33. 


popGson—ZUCLID AND HIS MODERN RIVALS. By 
the Rev. €.'L. DopGsom, M.A,, Mathematical Lecturer, 
Christ Church, Oxford. Crown 8vo. 7s. 64. 


DREW—GHOMETRICAL TREATISE ON CONIC SEC 
ZIONS. By W. H. Drew, M.A., St. John’s College, 
Cambridge. New Edition, enlarged, Crown 8vo, §s. 


SOLUTIONS TO THF PROBLEMS IN DREW'S 
CONIC SECTIONS, Crown 8v6. 45. 6d, 


EDGAR (J. H.) and PRITCHARD (G. 8.)-—NO7E-BOOK 
ON PRACTICAL SOLID OR DESCRIPTIVE GEO- 
METRY, Containing Problems with help for Solutions, By 
J. H. Epgar, M.A., Lecturer on Mechanical Drawing at the 
Royal School of Mines, and G. S. Prircuarp. New Edition, 
revised and enlarged. Globe 8vo. 33. 


PERRERS— Works by the Rev, N. M. dboaaop pede M, = » Fellow 
and Tutor of Gonville and Caius College, Cambri 
AN ELEMENTARY TREATISE ON TRILINEAR 
CO-ORDINATES, the Method of Reciprocal Polars, and 
the Theory of Projectors. New Edition, revised. Crown 8vo. 
6s. 6d, 


AN BLEMENTARY TREAUSE ON SPHERICAL 
HARMONICS, AND SUBJZECTS CONNECTED WITH 
THEM, Crown 8yo. Js. 6d, 


PROST— Works by PERCIVAL FROST, M.A., formerly Fellow 
of St. John’s College, Cambridge ; Mathematical Lecturer of 
King’s College. 

AN ELEMENTARY TREATISE ON CURVE TRA- 
CING. By Percrvat Frost, M.A, 8vo. 143s. 


SOLID GEOMETRY, A New Edition, revised and enlarged 
‘of the Treatise by Frost and WotsTenHoime, In 2 Vols. 
Vol. I. Svo. 16s. 
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GovrrayY-—Works by HUGH GODFRAY, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge. 
A TREATISE ON ASTRONOMY, for the Use of Colleges 
and Schools, New Edition. 8vo. 12s. 6d, 
AN ELEMENTARY TREATISE ON THE LUNAR 
THEORY, with a Brief Sketch of the Problem up to the time 
of Newton, Second Edition, revised. .Crown 8vo. 5s. 6d. 


HEMMING—AN ELEMENTARY TREATISE ON THE 
DIFFERENTIAL AND INTEGRAL CALCULUS, for 
the Use of Colleges and Schools. ByG. W. Hzmuine, M.A., 
Fellow of St. John’s College, Cambridge. Second Edition, 
with Corrections and Additiows. §vo. 9s. 


JACKSON — GEOMETRICAL CONIC SECTIONS. An 
Elementary Treatise in which the Conic Sections are defined 
as the Plane Sections of a Cone, and treated by the Method 
of Projection, By J. Srvart Jackson, M.A., late Fellow of 
Gonville and Caius College, Cambridge. Crown 8vo, 4s. 62, 


JELLET (JOHN H.)—A TREATISE ON THE THEORY 
OF FRICTION. By Joun H. Jerre, B.D., Senior Fellow 
of Trinity College, Dublin; President of the Royal Irish 
Academy. 8vo. 8s, 6d, . 


JONES and CHEYNE—ALGZBRAICAL EXERCISES. 
Progressively Arranged. By the Rev. C. A. Jonzs, M.A, and 
C. H. Curynz, M.A., F.R.A.S., Mathematical Masters of 
“Westminster School. New Edition. 18mo. 9s. 6a. 


KELLAND and TAIT—/JN7TRODUCTION TO QUATER- 
NIONS, with numerous examples, By P, Ke.tanp, M.A., 
F,R.S. ; and P. G. Tart, M.A., Professors in the department 
of Mathematics in the University of Edinburgh. Crown 8vo, 
9s. Od. 


KITCHENER—4A GEOMETRICAL NOTE-BOOK, containing 
Easy Problems in Geometrical Drawing preparatory to the 
Study of Geometry. For the ‘use of Schools, By F. E. 
KircHEenzr, M.A., Mathemathical Master at Rugby. New 


Edition. ato. 2s, 
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MACS NA TURAL GEOMETRY: an Introduction to. the 

_ Logical Study of Mathematics, For Schools and Technical 

 -Classes,. -With Explanatory Models, based upon the Tachy- 

metrical Works of Ed. Lagout. By A. MAULT, 18mo. 14. 
Models to Ilnstrate the above, in Box, 125. 6d. 


MERRIMAN — ELEMENTS OF THE METHOD OF 

, LEAST SQUARES. By Mansrirerp MERRIMAN, Ph.D. 

Professor of Civic and Mechanical Engineering, Lehigh Uni- 
versity, Bethlehem, Penn, Crown 8vo. 95. 6d. 


MILLAR~—ZLEMENTS OF DESCRIPTIVE GEOMETRY. 
By J: B. Mituar, C.E., Assistant Lecturer in Engineering in 
Owens College, ‘“Manchestef, Crown 8vo, 63, 


MORGAN — 4 COLLECTION OF PROBLEMS AND 
| EXAMPLES IN MATHEMATICS. With Answers, 
. By H. A, Morgan, M.A., Sadlerian and Mathematical 
» Lecturer of Jesus College, Cambridge, Crown 8vo. 6%. 64. 


MUIR--DETERMINANTS, By Txos. Murr. Crown 8yo, 
| [4% preparation. 
NEWTON'S PRINCIPIA. Edited by Prof. Sir W. THomsoN 
and Professor BLACKBURN, 4to. cloth, 315. 6d, 


LTHE FIRST THREE SECTIONS OF NEWTON'S 
PRINCIPIA, With Notes and Illustrations, Also a col- 
lection of Froblems, principally intended as Examples of 
Newton’s Methods, By PERCIVAL seh M.A. Third 
Edition, 8vo, 125. 


PARKINSON—Works by S. PARKINSON, D.D., F.R.S., 
. Tutor and Preelector of St. John’s College, Cambridge, 
' AN ELEMENTARY TREATISE ON MECHANICS, 
- For the Use of the Junior Classes at the University and the 
Higher Classes in Schools. With a Collection of Examples. 
New Edition, revised. Crown 8vo. cloth. 9s, 6d, 


°" "4 TREATISE ON OPTICS. New Eaition revised and, 

enlarged. Crown 8vo, cloth. 105. 6d, 
PRDLEY--EXERCISES IN ARITHME rIC. By S. Pepizy. 
fin preparation 


MATHEMATICS, Ig 





PREAR~LLEMENTARY HYDROSTATICS. With Nu 
merous Examples. By J. B. Pozar, M.A., Fellow and late 
Assistant Tutor of Clare College, Cambridge, New Edition. 
Crown 8vo. cloth. 55. 6d. 


PIRIB—LESSONS ON RIGID DYNAMICS. By the Rev. 
G. Pirte, M.A., late Fellow and Tutoy of Queen's College, 
Cambridge ; Professor of Mathematics in the University of 
Aberdeen. Crown 8vo. 6s. 


PUCKLE—AN ELEMENTARY TREATISE ON CONIC 
SECTIONS AND ALGEBRAIC GEOMETRY. With 
Numerous Examples and Hints for their Solution; especially 
designed for the Use of Beginners, By G. H, Puceis, M.A, 
New Edition, revised and enlarged, Crown 8vo. 7s. 64, 


RAWLINSON—ZLEMENTARY STATICS, by the Rev. 
GEORGE RAWLINSON, M.A. Edited by the Rey, Epwarp 
Sturces, M.A. Crown 8vo. 45, 6¢, 


RAYLEIGH—ZTHE THEORY OF SOUND. By Lorp 
RAYLEIGH, M.A., F.R.S., formerly Fellow of Trinity College, 
Cambridge. 8vo, Vol. I. 125. 6¢, Vol. IT, 125. 6d, 

[ Vol. 171, in the press. 


REYVNOLDS—MODERN METHODS IN ELEMENTARY 
GEOMETRY. By E, M, ReyNoips, M.A., Mathematical 
Master in Clifton College, Crown 8vo. 35. 61. 


ROUTH—Works by EDWARD JOHN ROUTH, M.A.,F.RS., 
late Fellow and Assistant Tutor of St. Peter’s College, Cam- 
bridge ; Examiner in the University of London. 


AN ELEMENTARY TREATISE ON THE DYNAMICS 
OF THE SYSTEM OF RIGID BODIES, With numerous 
Examples, Third and enlarged Edition. 8vo. 215, 


STABILITY OF A GIVEN STATE OF MOTION, 
PARTICULARLY STEADY MOZION. Adams’ Prize 
Essay for 1877. 8vo. 8&5. 6d, 
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SMiTE--Works by the Rev. BARNABD SMITH, M.A, 
Rector of Glaston, Rutland, late Fellow and Senior Bursar 
of St, Peter’s College, Cambridge. ; 


ARITHMETIC AND ALGEBRA, in their Principles and 
Application ; with numerous systematically arranged Examples 
taken from the Cambridge Examination Papers, with especial 
reference to the Ordinary Examination for the B.A. Degree, 
New Edition, carefully revised. Crown 8vo. ros. 6d, 


ARITHMETIC FOR SCHOOLS, New Edition. Crown 
Svo, 4s. 6d. 


A KEY TO THE ARITHMETIC FOR SCHOOLS. 
New Edition, Crown 8vo. 8s. 6d 


EXERCISES IN ARITHMETIC. Crown 8vo. limp cloth. 
zs. With Answers, 25, 6a. 

Or sold separately, Part I. xs.; Part IL. 1s. 3 Answers, 60. 
SCHOOL CLASS-BOOK OF ARITHMETIC. 18mo, 
cloth, 35. 

Or sold separately, in Three Parts. 15, each, 


KEYS TO SCHOOL CLASS-BOOK OF ARITHMETIC. 
Parts I., IL., and Ill., 2s. 6d. each, 


SHILLING BOOK OF ARITHMETIC FOR NATIONAL 
AND ELEMENTARY SCHOOLS. <8mo. cloth Or 
separately, Part I. 2¢.; Part Il. 3a. 3 Part Ill. 72. Answers. 


THE SAME, with Answers complete, 18mo, cloth. ts. 6d. 


KEY TO SHILLING BOOK OF ARITHMETIC. 
18m0. 4s. 6d. 


EXAMINATION PAPERS IN ARITHMETIC, mo. 
1s. 6d, The same, with Answers, 18mo. 25. Answers, 6. 


REY TO EXAMINATION PAPERS IN ARITH. 
METIC., 18m0. 45. 6d, 
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SMITH Continned— 

‘ HE METRIC SYSTEM OF ARITHMETIC, I7S8 
PRINCIPLES AND APPLICATIONS, with somerous 
Examples, written expressly for Standard V. in National 
Schools. New Edition, 18mo. cloth, sewed, 34, 


A CHART OF THE METRIC SYSTEM, on a Sheet, 
size 42 in. by 34 in. on Roller, mounted and varnighed, price 
3s. 6d. New Edition. 


Also a Small Chart on a Card, price xd, 


EASY LESSONS IN ARITHMETIC, combining Exercises 
in Reading, Writing, Spelling, and Dictation. Part I. for 
Standard I. in National Schodls. Crown 8vo, 9d. 


EXAMINATION CARDS IN ARITHMETIC, (Dedi- 
cated to Lord Sandon.) With Answers and Hints. 


Standards I, and II. in box, rs. Standards IIL, IV. and V., 
in boxes, 1s, each. Standard VI, in Two Parts, in boxes, 
If, 


A and B papers, of nearly the same difficulty, are given so as to 
prevent copying, and the Colours of the A and B papers differ in 
each Standard, and from those of every other Standard, so that a 
master or mistress can see at a glance whether the children have the 


proper papers, , 


BNOWBALL— THE ELEMENTS OF PLANE AND 
SPHERICAL TRIGONOMETRY ; with the Construction 
and Use of Tables of Logarithms, By J. C. SNOWBALL, M.A. 
New Edition. Crown 8vo. 7s. 6d. 


BYLLABUS OF PLANE GEOMETRY (corresponding to 
Euclid, Books I,—VI.). Prepared by the Association for the 
Improvement of Geometrical Teaching. New Edition. Crown 
vo. Is. 


TAIT and STEELB—A TREATISE ON DYNAMICS OF 
A PARTICLE. With numerous Examples. By Professor 
Tarr aad Mz, STEELE. Fourth Edition, revised. Crown 8vo. 
12%, 
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TBBAVY—ZLZLZEZEMENTARY MENSURATION FOR 
SCHOOLS, With numerous Examples, By Szprimvus 
Tepay, B.A,, Head Master of Queen Elizabeth's Grammar 
School, Rivington, Extra fcap. 8vo. 3s. 6d, 


TODHUNTER— Works by I. TopHuntser, M.A., F.R.S,, of 
St. John’s College, 

‘My. Todhunter # chiefly known to students of Mathematics as the 
author of a series of admirable mathematical text-books, which possess 
matin ities of being clear in style and abeontely free from mistakes, 

or other.”--Satuxzpay Revi 
THE apenas OF EUCLID, For the Use of Colleges 
and Schools. New Edition. 18mo. 3. 6d. 


MENSURATION FOR BEGINNERS. With numerous 
Examples. New Edition. 18mo, 25. 62. 


ALGEBRA FOR BEGINNERS, With numerous Examples. 
New Edition, 18mo. 23, 6d. 


KEY T0 ALGEBRA FOR BEGINNERS. Crown 8vo. 
63. 6, 

TRIGONOMETRY FOR BEGINNERS. With numerous 
Examples. New Edition. 18mo. 25, 60. 

KEY TO TRIGONOMETRY FOR BEGINNERS, 
Crown 8vo. 8s. 6d. 

MECHANICS FOR BEGINNERS. With mumerous 
Examples. New Edition, 18mo. 45. 6, 

KEY TO MECHANICS FOR BEGINNERS, Crown 
vo. 65. 6d. 

ALGEBRA. For the Use of Colleges and Schools, New 
Edition. Crown 8vo, 75. 62, 


KEY T0 ALGEBRA FOR THE USE OF COLLEGES 
AND SCHOOLS. Crown 8yo, 108, 6d, 


AN ELEMENTARY TREATISE ON THE THEORY 
OF Fri ZIONS. Mew Edition, revised, Crown 8vo. 
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TODHUNTER Continned— ‘ 
PLANE TRIGONOMETRY. For Schools and Colleges. 
New Edition. Crown 8vo, 55. 


KEY 70 PLANE TRIGONOMETRY. Crown 8vo, 
ros, 6d. 


A TREATISE ON SPHERICAL *TRIGONOMETR Y, 
New Edition, enlarged, Crown 8vo. 45. 62, 


PLANE CO-ORDINATE GEOMETRY, as applied to the 
Straight Line and the Conic Sections. With numerous 
Examples. New Edition, revésed and enlarged. Crown 8vo. 
"s. Gd. 


A TREATISE ON THE DIFFERENTIAL CALCULUS, 
With numerous Examples, New Edition, Crown $8vo. 
ros. 6d. 


4 TREATISE ON THE INTEGRAL CALCULUS AND 
LTS APPLICATIONS. With numerous Examples. New 
Edition, revised and enlarged. Crown 8vo, ros, 6d, 


EXAMPLES OF ANALYTICAL GEOMETRY OF 
THREE DIMENSIONS. New Edition, revised. Crown 
8vo, 45. 


A TREATISE ON ANALYTICAL STATICS. With 
numerous Examples. New Edition, revised and enlarged. 
Crown 8vo. 105. 64. 


A HISTORY OF THE MATHEMATICAL THEORY 
OF FROBABILITY, from the time of Pascal to that of 
Laplace. 8vo, 185. 

RESEARCRES IN THE CALCULUS OF VARIA- 
ZIONS, principally on the Theory of Discontinuous Solutions : 
an Essay to which the Adams Prize was awarded in the 
University of Cambridge in 1871. 8vo. 6s. 
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TODHUMTER Continued in CaaS oe 
A BISTORY OF THE MATHEMA TICAL THEORIES 
OF ATTRACTION, AND THE FIGURE OF THE 

ZARTH, from the time of Newton to that of Laplace, 2 vols, 
Sva. 24. 


AN ELEMENTARY TREATISE ON LAPLACE'S, 
LAMES, ANI” BESSEL'’S FUNCTIONS. Crown, 8vo, 
ras. 6a, 


WILSON (J. M.)}—ZELEMENTARY GEOMETRY. Books 
I. to V. Containing the Subjects of Euclid’s first Six 
Books. Following the Syllabus of the Geometrical Association. 
By J. M. Witson, M.A., "Head Master of Clifton College. 
New Edition. Extra foap. 8vo. 45. 6d, 


SOLID GEOMETRY AND CONIC SECTIONS. With 
Appendices on Tran sversals and Harmonic Division. For the 
Use of Schools, By J. M. Witson, M.A. New Edition. 
Extra fcap. 8va, 3. 6d, 


wriLmow—CRADIA LED EXERCISES IN PLANE TRI- 
GONOMETRY. Compiled and arranged . by J. Wtison, 
M.A., and S. R. Witson, B.A. Crown 8vo. 4s. 6a, 


1 “The exercises seen beautifully Lae and adapted to leads stadent 
on an mont gently or nity and pleasantly. “me, J. RouTH, F.R.S., St. Peter’¢ ae 


WILSON (W. P.)—4 TREATISE ON VNAMICS. By 

 W, BP. Writson, M.A., Fellow of St, Jonn’s College, Cam- 
bridge, and Professor ‘of Mathematics in Queen’s College, 
Belfast, 8vo. 9s. 6d, 


WOLSTENHOLME—MATHEMATICAL PROBLEMS, on 
. Subjects incinded in the First and Second Divisions of the 
Schedule of Subjects for the Cambridge Mathematical Tripes 
Examination. Devised and arranged by JoskpH Wotsten- 
 geouem late Fellow of Christ’s College, sometime Fellow of 
'8t. John’s College, and Professor of. Mathematics in the Royal 
Fe oa ceca Daca New Batten ecaenaia 
' vo, § 
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SCIENCE. 


SCIENCE PRIMERS FOR ELEMENTARY 
SCHOOLS. 


Under the joint Editorship of Professors Huxizy, Roscor, and 
BaLFour STEWART, 

“These Primers are extremely gimple and attractive, and thoroughly 
answer their purpose of just leading the young beginner up to the thresh- 
old. of the long avenues in the Palace of Nature which these titles suggest.” 

VARDIAN. 

“« They are wonderfully clear and Incid in their instruction, simple in 

style, and admirable in at fi "we KDUCATIONAL TIMES, 
‘omemisTRY — By H. E. Roscoz,) F.RS., Professor of 

Chemistry in Owens College, Manchester. With numerous 

Tllustrations. 18mo. 1s. New Edition, With Questions, 

**A very model of perspicacity and accuracy.*«—Cuemis?y ans Druc- 
GIST. 

PHYsIcs—By Balfour Stewart, F.R.S., Professor of Natural 
Philosophy in Owens College, Manchester. With nutmerous 
Illustrations, 18mo. 1s, New Edition; With Questions, 


PHYSICAL GEOGRAPHY-—By ARCHIBALD GEIKIE, F.R.S., 
Murchison Professor of Geology and Mineralogy at Edin- 
burgh. wit, numerous Illustrations. New Edition, with 
Questions. 18mo. 25, ro 

“Everyone of his lessons is marked by simplicity, clearnesd, and 
correctness, “--ATHENAUM, 

GHOLOGY — By Professor Grixiz, F.R.S. With numerous 
Tlustrations, New Edition. 18mo. cloth 1, 

*¢ Tt is hardly possible for the dullest child to misunderstand the meaning 
of 4 ification of stones after Professor Geikie’s explanation, ”—Stuoo 


PHYSIOLOGY-—By Micnaxy Fosrrz, M.D., F.R.S. With 
numerous Illustrations, New Edition, r8mo, 1. 


ae book seems to us to leave to be desired 
The ook br nothing ason elementary 
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ISIRNCH PRImBRS Continucd— 
\STRONOMY—~ By J. Norman Lockyer, F.R.S. With 
numerous Tilustrations. New Edition. r&mo, Is. 
“* This is altogeth of the most likely attem have to 
sareccee dows t the capacity of the notte ehild"c-hewocs 
Boarp CHRONICLE. 
\OTANY—By Sir J. D. Hooxer, K.C.S.1, C.B., President 
of the Royal Society With numerous Illustrations, New 
Edition. 3r8mo. °15. 
“‘To teachers the Primer will be of inestimable value, and not only 
beeause of the years of the language and the clearness with which sini 
ect matter is tr but also on account of its coming from the hig 
ity, and so g positive information as to most igh 
mehods of teaching ne science of botany.”-—N ATURE, 
OGIO—By Professor STANLEY Jxvons, F.R.S, New Edition. 
18mo, Is. 


to ae It a to us ncminely = serve both as an igerene ie 
scien reasoning, to judgment reasoning 
SUlnay akats of We Acaeae a 
OLITICAL BOONOMY—By Professor STANLEY JEVONS, 
¥F.R.S. 18mo0. 1s. 


“ Unquestionably in every respect an admirable primer.”’"—Scnoor 
Boarp CHRONICLE. 


in preparation :— 
LNTRODUCTORY. By Professor Huxiery. &c. &c. 


ELEMENTARY CLASS-BOOKS. 


BTRONOMY, by the Astronomer Royal. 
POPUEAR ASTRONOMY, With Wlustrations, By Sir 
G. B. Arry, K.C.B., Astronomer Royal, New Edition, 
18mo0. 45. 6d. 


STRONOMY. 
HLEMENTARY LESSONS IN ASTRONOMY, With 
Coloured Diagram of the Spectra of the Sun, Stare, and 
Nebule, and numerous Illustrations, By J. Nomman Locxyrgr, 
F.R.S, New Edition. Feap. vo. $.. Gy, 
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BLEMENTARY OCLASS-BOOKS Continued— 
QUESTIONS ON LOCKYERS ELEMENTARY CES 
SONS IN ASTRONOMY. For the Use of Schools. By 
Joun Fornts-Rosrrtson., r8mo. cloth limp, 15. 62, 


PHYSIOLOGY, 

LESSONS IN ELEMENTARY PHYSIOLOGY. With 
numerous Illustrations. By T, H. Huxygzy, F.R.S., Professor 
of Natural History in the Royal School of Mines. New 
Edition, Feap. 8vo, 4s. 6¢, 

* Pure gold throaughout.”“--Guarvian, 

ve Unquestionably the clearest and most complete elem treatise 
on this subject that we possess in any language. “—W2sSTMINSTER aw, 
QUESTIONS ON HUXLEY’S PHYSIOLOGY FOR 
SCHOOLS. By T. ALtcock, M.D, 18mo. 1s. 6d. 


BOTANY. 
LESSONS IN ELEMENTARY BOTANY. By D. 
OLtver, F.R.S., F.L.S., Professor of Botany in University 
College, London. With nearly Two Hundred Illustrations 
New Edition. Feap. 8vo. 4s. 60. 


CHEMISTRY. 
LESSONS IN ELEMENTARY CHEMISTRY, IN- 
ORGANIC AND ORGANIC, By Henry E. Roscor, 
F.R.S., Professor of Chemistry in Owens College, Manchester. 
With numerous Illustrations and Chromo-Litho of the Solar 
Spectrum, and of the Alkalies and Alkaline Earths. New 
Edition, Feap. 8vo. 45. 67, 


Rodel eu text-book it deserves to take a leading place.” 
SPecrator, 


re unhesi fens se et a ee 
Chemistry.”—Mepicat Times, 


A SERKES OF CHEMICAL PROBLEMS, prepared with 

Special Reference to the above, by T. E. Thorpe, Ph.D., 0 

Professor of Chemistry in the Yorkshire College of Science, 

Leeds. Adapted for the preparation of Students for the 

Goverament, Science, and Society of Arts Examinations. With 

Se ee ees Fifth Edition, with Key, 
mo, 2%. 
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BLEMEBNTARY CLASS-BOOKS Continual-— 

POLITICAL BOONOMY. 
POLITICAL ECONOMY FOR BEGINNERS. By 
Mixuzicent G. Fawcerr. New Edition. 18mo. 2s, 64. 


“Clear, compact, and comprehensive.”-——Daity News, 
“The relations of capital and labour have never been more simply or 
mone clearly expounded.” —ConTamrorary Review, 


LOGIC, 
ELEMENTAR'S LESSONS IN LOGIC ; Deductive and 
Inductive, with copious Questions and Examples, and a 
Vocabulary of Logical Terms. By W. STANLEY JEvons, M.A. 
Professor of Political Economy in University College, London. 
New Edition. Feap. 8vo. 3s. 6d, 
** Nothing can be better for a pchool- book.”--GUARDHAN, 
**A manual alike simple, interesting, and scientific.” —ATHENAUM. 
PHYSICS, 
LESSONS IN ELEMENTARY PHYSICS, By BaLrour 
SrewartT, F.R.S., Professor of Natural Philosophy in Owens 
College, Manchester. With numerous Illustrations and Chromo- 
litho of the Spectra of the Sun, Stars, and Nebula. New 
Edition, Feap. 8vo. 4s. 6d. 


‘* The beau-ideal of'a scientific text-book, elear, accurate, and thorough.” 
—EDUCATIONAL TIMES, 


PRACTICAL CHEMISTRY, 
THE OWENS COLLEGE FYUNIOR COURSE OF 
PRACTICAL CHEMISTRY, By Francis Jones, Chemical 
Master in the Grammar School, Manchester. With Preface by 
Professor Roscox, and Illustrations, New Edition. x18mo. 
as. Gd. 

CHEMISTRY. 
QUESTIONS AND EXERCISES IN CHEMISTR Y. 
By Francis Jonzs, Coemica) Master in the Grammar School, 
Manchester. [ls preparation. 

ANATOMY. 
LESSONS IN ELEMENTARY ANATOMY, By Sr. 
Grorgcg Mrvart, F.R.S., Lecturer in Comparative Anatomy 
at St. Mary’s Hospital. With upwards of goo Illustrations. 
Feap. 8va. 6s. 6d, 


“Temay be questioned whether other work y contains in 
x sompase proportionately pret a mae of information.” ee LANCET. 
ag work, excellent, should be in the hands every student 

uman anatomy.”—Mxnicar Times, - - 
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ELEMENTARY CLASS-BOOKS Conlinued— 

MECHANIOS, 
AN ELEMENTARY TREATISE. By A. B W. 
KENNEDY, C.E., Professor of Applied Mechanics in University 
College, London. With Illustrations. [Js preparation, 


STBAM., 
AN ELEMENTARY TREATISE, By JOUN Perry, 
Professor of Engineering, Imperial College of Engineering, 
Yedo, With numerous Woodcuts and Numerical Examples 
and Exercises, 18mo. 45. 60. 


““ The young engineer and those seeking for a comprehensive knowledge 
of the use, power, and economy of steam, could not have a more useful 
db as it is very intelligible, well erranged, and practical throughout.” ~~ 

RONMONGER, 


PHYSICAL GEOGRAPHY. 
ELEMENTARY LESSONS IN PHYSICAL GEO- 
GRAPHY, By A. Guixis, F.R.S., Murchison Professor 
of Geology, &c., Edinburgh, ‘With numerous Tllustrations. 
Feap. 8vo. 4s, 6d. 


QUESTIONS ON THE SAME, 13. 6a. 


GEOGRAPHY. 
CLASS-BOOK OF GEOGRAPHY. By C. B.Crarxe, M.A, 
oo ‘Feap. S8vo. New Edition, with Eighteen Coloured 
aps. 35. 


NATURAL PHILOSOPHY. 
NATURAL PHILOSOPHY FOR BEGINNERS, By 
I. TopHuntar, M.A., F.R.S. Part I. The Properties of 
Solid and Fluid Bodies. x18mo. 3s, 64. 
Part LI, Sound, Light, and Heat. 18mo, 3s. 6¢. 


SOUND. 
AN ELEMENTARY TREATISE. By W. H. Stones, 
M.B., F.R.S. ‘With Illustrations, 18mo. [/mmediately. 
PSYCHOLOGY. 


ELEMENTARY LESSONS IN PSYCHOLOGY, By G. 
> Croom Ronertson, Professor of Mental Philosophy, &c., 
University College, London, [4ee propanntion. 


Others tn Preparation,‘ 
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MANUALS FOR STUDENTS. 


Crown 8vo. 


DYER AND VINEB—Z7HZ STRUCTURE OF PLANTS. By 
Professor THISELTON Dyer, F.R.S., assisted by Syvonry 
Vinzs, B.Sc., Fellow and Lecturer of Christ’s College, 
Cambridge. With numerous Illustrations. [J preparation. 


pawcecrtTt—4A MANUAL .OF POLITICAL ECONOMY’. 
By Professor FAwcETT, M.P. New Edition, revised and 
enlarged. Crown 8vo. 12s. 6a. 


FLEBEIGCHER-4A SYSTEM OF VOLUMETRIC ANALY.- 
SIS, Translated, with Notes and Additions, from the second 
German Edition, by M. M. Parrison Murr, F.R.S.E. With 
Illustrations, Crown 8vo. 75. 6d. 


PLOWER (W. 8.)—AN INTRODUCTION TO THE OSTE- 
OLOGY OF THE MAMMALIA, Being the substance of 
the Course of Lectures delivered at the Royal College of 
Surgeons of England in 1870. By Professor W. H, Fiower, 
F.R.S., F.R.C.S. With numerous Illustrations, New Edition, 
enlarged, Crown 8vo. 109. 6d. 


FOSTER and BALPOUR—T7HE ELEMENTS OF EMBRYO- 
LOGY. By Micwae. Foster, M.D., F.R.S., and F. M. 
Batrour, M.A, Part I. crown 8vo. 75, 6d. 


POSTER and LANGLEY—A COURSE OF ELEMENTARY 
PRACTICAL PHYSIOLOGY. By Micuae. Fosrer, 
M.D., F.RS., and J. N. Lanctry, B.A, New Edition. 
Crown 8vo, 6s. 

MOORER (Dr.)--7HE STUDENT'S FLORA OF THE! 
BRITISH ISLANDS. By Sit J. D. Hooxmr, K.C.S.1L, 
mi F.B.S., M.D,, D.C.L, New Edition, revised. Globe 

. Os, 6A, 
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MANUALS FOR STUDENTS Continuad— 

HUXLEY—PAHYSIOGRAPHY. An Introduction to the Study of 
Nature. By Professor Huxizy, F.R.S. With numerous Ilus- 
trations, and Coloured Plates. New Edition. Crown 8vo. 7:.6d. 


HUXLEY and MARTIN—4A COURSE OF ‘PRACTICAL 
INSTRUCTION IN ELEMENTARY BIOLOGY. By 
Professor Huxizy, F.R.S., assisted by H. N. Martin, M.B., 
D.Sc. New Edition, revised. Crown 8vo. 6s. 


HUXLEY and PARKBR-—-ZZEMENTARY BIOLOGY. 
PART ii, By Professor Huxtiry, F.R.S., assisted by 
—- PARKER. With Illustrations. [Jn preparation, 


JNVONS—T7THE PRINCIPLES OF SCIENCE. A Treatise 
on Logic and Scientific Method. By Professor W. STANLEY 
Jevons, LL.D., F.R.S. New and Revised Edition, Crown 
Svo, 129. 6¢. 


OLIVER (Professor)—/JR&ST BOOK OF INDIAN BOTANY. 
By Professor DaniEL OLIVER, F.R.S., F.L.S., Keeper of 
the Herbarium and Library of the Royal Gardens, Kew, 
With numerous Illustrations, Extra fcap. 8vo. 65. 6. 


PAREER and BETTANY—T7HE MORPHOLOGY OF 
THE SKULL. By Professor PARKER and G. T. Bertany. 
Illustrated, Crown 8vo. ros. 67. 


TAIT—AN ELEMENTARY TREATISE ON HEAT. By 


Professor Tart, F.R.S,E. lustrated. [7s the press, 
THOMBON—ZOOLOGY. By Sir C. WyviLiz THomsoN, F.R.S, 
Dustrated. {Js preparation. 


TYLOR and LANWEESTER— ANTHROPOLOGY, By E. B, 
Tyzior, M.A., F.R.5S,, and Profegsor E. Ray LANKEs?TER, 
M.A., F.R.S, lustrated, [is preparation. 


Other volumes of these Manuals will follow. 
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SCIENTIFIC TEXT-BOOKS, 


BALL (R. 8, A.M.)-—-ZXPERIMENTAL MECHANICS, A 
Course of Lectures delivered at the Royal College of Science 
for Ireland. ByvR. S. Batt, A.M., Professor of Applied 
Mathematics and Mechanics in the Royal College of Science 
for Ireland. Royal vo. 16s. 


rosTun—A ZEX7-BOOK OF PHYSIOLOGY. By Micuar. 
Foster, M.D., F.R.S. With Illustrations. New Edition, 
enlarged, with additional Tiustrationsr 8vo. 215, 


GAMGEB ~4 Z7TEXT-BOOK, SYSTEMATIC AND PRAC- 
TICAL, OF THE PHYSIOLOGICAL CHEMISTRY OF 
THE ANIMAL BODY. Including the changes which the 
Tissues and Fluids underge in Disease. By A, GAMGER, 
M.D., F.R.S., Professor of Physiology, Owens College, 

' Manchester. 8vo. [Jv the press. 


GEGENBAUR--ELE MENTS OF COMPARATIVE ANA- 
TOMY. By Professor CARL GEGENBAUR, A Translation by 
F. Jevrrey Beui, B.A. Revised with Preface by Professor 
KE. Ray Lanksster, F.R.S. With numerous Illustrations. 


8vo. 2s. 
KLAUSIUE—MECTANICAL THEORY OF HEAT, Truns- 
lated by WALTER K. Brownz. 8vo. [2s the press. 


NRWCOMB—POPULAR ASTRONOMY. By S. Newcomes, 
LL.D., Professor U.S. Naval Observatory. With 112 Thus- 
een cpt the Stars. Svo. 18s, 


*$ ¥¢ 5 unlike anything else of its kind, aud will be of more wee i 
" uknowinlige ol yor haere my ony thal ee ee of - books which Reckcap 


RHULBAUR -- 7HE KINEMATICS OF MACHINERY, « 
Ontlines of a Theory of Machines. By Professor F', REULRZAUX, 
Translated and Edited by Professor A. B, W. KEnxxpy, 
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CIENTIFIG TEXT-BOOKS Continual — 

OSCOR and SCHORLEMMER-—CHEMISTRY, A Complete 
‘Treatise on, By Professor H. E. Roscor, F.R.5, and Pro« 
fessor C. SCHORLEMMER, F,.R.S. Medium 8vo. Vol. I.— 
The Non-Metallic Elements. With numerous Illustrations, and 
Portrait of Dalton, ars. Vol, I].—Metals, Part I. Tlus. 
trated, 185. [Vol. L£,—Metals, Part IL, én the press, 

‘CHORLEMMER—A MANUAL OF THE CHEMISTRY OF 
THE CARBON COMPOUNDS, OR ORGANIC CHE- 
MISTRY. By C,. Scuoruemmer, F.R.S., Professor of 
Chemistry, Owens College, Manchester, With Illustrations. 
8vo. 145, 


® 
NATURE SERIES. 


CHE SPECTROSCOPHE AND ITS APPLICATIONS, By 
J. Norman Lockyer, F.R.S. With Coloured Plate and 
numerous Illustrations. Second Edition. Crown 8vo. 3s. 6d. 


THE ORIGIN AND METAMORPHOSES OF INSECTS, 
By Sir Joun Luszock, M.P., F.R.S.,D.C.L. With nume- 
rous I]Justrations, Second Edition, Crown 8vo, 3s. 6d. 

THE TRANSIT OF VENUS, By G. Forsgs, M.A., Pro- 
fessor of Natural Philosophy in the Andersoniat: University, 
Glasgow. TIIustrated. Crown 8vo. 35. 6d. 


THE COMMON FROG. By Sr. Grorce Mivart, F.R.8,, 
Lecturer in Comparative Anatomy at St. Mary’s Hospital, 
With numerous Illustrations. Crown 8vo. 35. 62, 


POLARISATION OF LIGHT. By W. SporTiswoopy, F.R.S, 
With many Tllustrations, Second Edition, Crown 8vo. 
35. 6d, 


ON BRITISH WILD FLOWERS CONSIDERED IN RE- 
LATION TO INSECTS. By Sir Joun Lussocx, M.P., 
F.R.S, With numerous Illustrations. Second Edition, Crowp 
8vo. 4%, 64. 

THE SCIENCE OF WEIGHING AND MEASURING, AND 
THE STANDARDS OF MEASURE AND WEIGHT, 
By H. W. CutsHoim, Warden of the Standards. Witt 
numerous Illustrations, Crown 8vo. 4s. 6:7. , 

r “ 
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N ATURE suRInS Contsnsed— 


HOW TO DRAW A STRAIGHT LINk: a Lecture Ont a Linke 
apes. By A. B, Kempe. ‘With Tlustrations. Crown Bye, 1s. 62, 


LIGHT: a Series of Simple, entertaining, and Inexpensive Expe- 

| siments in the Phenomena of Light, for the Dse of Students of 
everyage. By A. M. Maver and C. Barnarp, Crown 8vo, 
with numerous Illustrations. as, 6a, 


SOUND : a Series of Simple, Entertaining, and Inexpensive Ex- 
periments in the Phenomena of Sound, for the use of Students 
ot every age. By A. M. Maver, Professor of Physics in 
the Stevens Institute of Technology, &c, With tiumerous 
Dlustrations, Crown 8va. 45. 6d. 


Other volumes to fallow. 


EASY LESSONS IN SCIENCE, . 
HEAT, By Miss C. A. Martineau. Edited by Prof W. F. 


BaRRert. [2m the press. 
LIGHT, By Mrs. Awpzy. Edited by Prot. W..F. BARRETT. 
‘ [Js the press. 


ELECTRICITY. By Prof. W. F. Barrett. [le preparation. 


SCIENCE LECTURES AT SOUTH 
KENSINGTON. © 


‘vob. 4, Containing Lectures by Capt. Annzy, Prof. Sroxss, 
Prof, Kennepy, F, G. BraMwext, Prof. G. Forass, H.C. 
Sosy, J. T. BOTTOMLEY, S. i. ci and Prof. Canes 

t ‘Foster, Crawn 8vo, 6s. 


POL. te ‘Containing Lectures by W. Srorrmwoovn, PRS, 
Poof,’ Forsits, Prof. Pacor, Prof. Barrsrr, Dr. Btrpow 
‘§anpgRson, Dr, Lauper Brunron, F. R .S.s das Boor 
and others, , Crown S8vo, 65, ; 


SCIENCE. $3 


MANGHESTER SCIENCE LECTURES 
FOR THE PEOPLE, 


Righth Series, 1876-7. Crown Svo. Illustrated, 60. each, 
WHAT THE EARTH IS COMPOSED OF, By Professor 
Roscoz, F.R.S. 


THE SUCCESSION OF LIFE ON THE EARTH, By 
Professor WILLIAMSON, F.R.S. ° 


WHY THE EARTH'S CHEMISTRY IS AS IT IS. By 
J. N. Lockyer, F.R.S. 
Also complete in One Volume. Crown 8vo. cloth. 23, 
BLANFORD—7HE RUDIMENTS OF PHYSICAL GEOs 
GRAPHY FOR THE USE OF INDIAN SCHOOLS; with 
a Glossary of Technical Terms employed. By H, F. BLANFoRD, 
F.R.S. New Edition, with Illustrations. Globe 8vo, 2s. 6a. 


EVERETT—PAVSICAL UNITS. By Prof. J.D. Evererr. 
Extra feap, 8vo. [2x the press. 

Guinis-—OU7LINES OF FIELD GEOLOGY, By Prot. 
GrEIKik, F.R.S. With Illustrations; Extra feap, 8vo. 3s. 62. 

GORDON—AN ZLEMENTARY BOOK ON HEAT, By 
J. E. H. Gorpon, B.A., Gonville and Caius College, Cam- 
bridge. Crown 8vo. 235. 

M’'KENDRICK—OUT7LINES OF PHYSIOLOGY IN I78S 
RELATIONS TO MAN, By J. G. M’Kenpricx, M.D,, 
F.R.S.E, With Dlustrations, Crown 8vo, 12s. 6d. 

MIALZL—STUDIES IN COMPARATIVE ANATOMY, 

No, I.—-The Skull of the Crocodile: a Manual for Students, 
By L. C. MIact,'Professor of Biology in the Yorkshire College 
and Curator of the Leeds Museum, 8vo. 25. 62, 

No. IL—-Anatomy of the Indian Elephant. By L, C. MIALL 
and F, GREENWOOD, With Illustrations, 8vo, 5s. 

MUIR—PRACTICAL CHEMISTRY FOR MEDICAL STU- 
DENTS, Specially arranged for the first M.B, Course. 

M. M, Pattison Murr, F.R.S.E. Feap. 8vo, 1s. 6d, 

SHANWN-—ANV ELEMENTARY TREATISE ON HEAT, IN 
RELATION TO STEAM AND THE STEAM-ENGINEG, 
By G. Suann, M.A, With Illustrations, Crown 8Syo. 4. Gd. 
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Waigh'?—IZETALS AND THEIR CHIEF INDUSTRIAL 
APPLICATIONS. By CT, Avozgr Wricut, D.Se,, &c. 
Lecturer on Chemistry in St. Mary’s Hospital Medical School. 
Extra feap. 8vo. 35. 6. ‘ 


| HISTORY. 


BEESLY—STORIES ROM THE HISTORY OF ROME, 
By Mrs, Bersuy. Feap, 8vo, 2s, 6d. 


_ “The attempt appears to us in every way successful, The stories are 
interesting in themselves, and are told with perfect simplicity and good 
feeliag.""—-Daity News. 


fRREMAN (EDWARD A.)—OLD-ENGLISH HISTORY; 
By Epwarp A, Freeman,.D.C.L., LL.D., late Fellow of 
Trinity College, Oxford. With Five Colored (Maps. New 
Edition, Extra fcap. 8vo- half-bound,  6y. 

GREEN—A S/JORT HISTORY OF THE ENGLISH 
PEOPLE. ByJoun Ricuary Green, M.A., LL.D. With 
Coloured Maps, Genealogical Tables, and Chronological 
Annals, Crown 8vo. &s, 6d. Sixty-second Thousand, 

** Stands alone ag the one general history of the country, for the sake 
of which all others, if young and old are wise, will hé speedily and 
set aside,” ACADEMY. 

@uEsaT—ZLECTURES ON THE WUISTORY OF ENGLAND. 

By M. J. Guest, With Maps. Crown 8vo. 6s, 


HISTORICAL COURSH FOR SCHOOLS — Edited by 
Epwarp A, FREEMAN, D.C.L., late Fellow of Trinity 
College, Oxford. 

‘ YT. GENERAL SKETCH OF EUROPEQN HISTORY. 
By Evwarp A. Freeman, D.C.L. New Edition, revised 
atid enlarged, with Chronological Table, Maps, and Index, 


B8mo. cloth. 3s. 6, 


“It supplies the great want of a good foundation for historical teaching i 
The acheans is an excellent one, and this instalment has been exeented in 


a way that prowises much for the volumes that are yet to appear.”—= 
\ EpvucaTIONAL Times, 


Il. A/STORY OF ENGLAND, By Emits Tromeson. 
New Edition, revised and enlarged, with’ Maps, 18mo. 2s. 6d. 
Il, HISTORY OF SCOTLAND. By ManGarer 
MacanTHuR, New Edition, 18mo. 2s 


** An excellent summary, unimpeachable as to facts, and putting them 
in the clearest and most im partial hght simmabls MoGUASCAM. 
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HISTORICAL COURBE FOR SCHOOLS Confinisd— 
IV. HISTORY OF ITALY, By the Rev. W. Hy, M.A. 
imo. 34. 


“*It possesses the same ¢olid mesit as ita predecessors... . the same 
scrupulous care about fidelity in detaila, . .. Itis distinguished, too, b 
information on art, architecture, and social politics, in which the wnter’s 
prese is seen by the firmness and clearness of his touch”-—~LovUCATIONAL 

MES. 


V. HISTORY OF GERMANY.® By J. Sims, M.A 
18m0. 35. 


‘(A remarkably clear and impressive history of Germany. Its great 
events are wisely kept as central figures, and the smalier events are care- 
fully kept, not only subordinate and subservient, but most skilfully woven 
Like the texture of the hustorical tapestry presented to the eye,"—— 

TANDARD, 


VI. HISTORY OF AMERICA. By Joun A, Dovue, 
With Maps. 18ma. 45. 6c. 


** Mr. Doyle has performed his task with admirable care, fulness, and 
clearness, and for the first time we have for schools an accurate and inter- 
evting history of America, from the earliest to the present time.”-« 

TANDARD. 


EUROPEAN COLONIES, By E. J. PAYNE, M.A, With 
Maps. x8mo. 4s. 6d. 

““We have seldom met with an historian erpable of forming a more 
comprehensive, far seeing, and uupreyudiced estimate of eveuts and 
peoples, and we can commend this httle work as one certain to prove of 
the highest interest to all thoughtful readers, ’’~Timus. 

FRANCE. By Cuarrorre M. Yoncg. With Maps. 18mo. 
3s. 67, 
CREECH, By Enwarp A, Freeman, D.C.L, * 

[7 preparation, 
ROME, By Enwarp A, Frerman, D.C.L. [la preparation. 


HISTORY PRIMERS—Edited by Joun RICHARD GREEN, 
Author of ‘A Short History of the English People.” 


‘| ROME, By the Rev. M. Creicuton, M.A, late Fellow 
and Tutor of Merton College, Oxford, With Eleven Maps, 
18m0, = IS, 

“*The author has been enlettsly successinl in tellin in an ‘ute ie 
all ay a story of Rome from first to last.”—Scwoon Boarp 
GREECE, By C. A, Fyrre, M.A,, Fellow and late Tutor 
of University College, Oxford. With Five Maps. 8mo. 15, 


“We give ovr unqualified praise to this litle manual,"—Scuoor 
MASTER, 
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MIsTORY PRIMRRS Continuel— 


HUROPEAN HISTORY, By E%. A.‘ Frumman, D.C.L., 
LL.D, With Maps, r8mo. 4 


“The work is al clear, and forms a luminous to European 
history.”--BeuooL Boaxn CHRONICLE. : ad 


GREEK ANTIQUITIES. By the Rev. J. P. Manarry, 
M.A. Illustrated. .18mo, ry. 

£0 te a style Hf minticns sre kere Troan tox for = the 
dullest boy to look on this little work in the same light as he regards 
other school books,’'—-ScHooL MASTER. 

CLASSICAL GEOGRAPHY, By H. ¥. Tozer, M.A. 
y8mo, Is. 


‘‘Another valuable aid to the Study of the ancient world, . x 
contains an enormous quantity of information packed into a small # 
ie at the same time communicated in a vety readable shaps.”— ome 
ULE. 


GEOGRAPHY. By Grorce Grove, D.C.L. With Maps, 
y8mo, Is. 

**A model of what such a work should be. . . . we know of no short 
treatise better suited to infuse life and spirit into the dull lists of 3 
names of which our ordinary class-books so a almost exclusively 
consist, "Tras. 
ROMAN ANTIQUITIES. By Professor W1LKins, lus- 
trated, x8mo. 1s, 

"A little book that throws a blase of light on Roman History, and 
is, moreover, intensely interesting."’—Scheol Board Chronicle. 


FRANCE. By Cuartorreg M, Yoncs, 18mo. 1s 


In preparation -— 
ENGLAND, By J. R. GREEN, M.A, 


mronenut—A SUMMARY OF MODERN HISTORY. 
Tranalated from the French of M. MICHELET, and continued 
to the Present Time, by M, C, M, Simpson. Globe Bvo. 
4s. 62. 


orrh—SCANDINA VIAN HISTORY. By E, CG. Orrt. 
With Maps, . Globe 8vo. 6. 


PAULI~-PICTURES OF OLD ENGLAND. By Dr. R. 
Pav, ‘Translated with the sanction of the Author by 
%. C. Orré, Cheaper Edition. Crown 8vo. 6s, 


‘ DIVINITY. a POD ES Penh alts 
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ratr—ANALYSIS OF ENGLISH HISTORY, pesed on 
 Green’s “Short History of the English People.” By-C. W. A. 
ea ag College. ‘Crown: Syo. 


“Be, Ga, 
WHEELER—A HISTORY oF INDIA, By J. ‘TAL BOYS 
Wueeier. Crown 8vo. [lve the press. 


, ® 
YONGE (CHARLOTTE M.)—A4 PARALLEL HISTORY OF 
FRANCE AND ENGLAND: consisting of Outlines and 
Dates. By CHARLOTTE M. Yonce, Author of ‘The Heir 
of Redclyffe,” &., &e. Oblong gto. 45. 6d. : 


CAMEOS FROM ENGLISH HISTORY, —FROM 
ROLLO TO EDWARD II. By the Author of ‘The Heir 
‘of Redclyffe.” Extra fcap. 8vo. New Edition. 5s, - 


4 SECOND SERIES OF CAMEOS FROM ENGLISH 
' #ISTORY—THE WARS IN FRANCE. New Edition, 
Extra fcap. 8vo. 5s. 


4 THIRD SERIES OF CAMEOS FROM ENGLISH 
4ISTOR Y—THE WARS OF THE ROSES. New Edition. 
Extra feap. 8vo. §s. 


A FOUR TH SERIES. (tm the press. 


EUROPEAN HISTORY. Narrated in a Series of 
Historical Selections from the Best Authorities, Edited and 
arranged by E. M. SEWELL and C. M. Yoncsz. First Series, 
1003—11 Third Edition, Crown 8vo, 6s, Second 
Series, 108 —r228. New Edition. “ee 8vo. ms 


DIVINITY. 


*,* For other Works by these Authors, see Timmobodrcat 
CATALOGUE. he 
ABBOTT (REV. B. A.)—-S/BLE LESSONS, By tae Rev, 
_ &. A. Assorr, D.D., Head Master of thé City ‘of London 
‘School. New Edition, Crown Svo, qu 6h 0 = 


“gin dnote, snd oily prod inisinton into aligns hough.“ 
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ARNOQLD—A BIBLE-READING FOR SCHOOLS—~THE 
GREAT PROPHECY OF ISRAEL'S RESTORATION 
{isaiah, Chapters xl—lxvi.). Arranged and Edited for Young 
Leamers. By Matruzew Arnotp, D.C.L, fogmerly 
Professor of Poetry in the University of Oxford, and Fellow 
of Oriel. New Edition. 18mo. cloth. 1 


ISATAA X£,—LAVI, With the Shorter Prophecies allied 
to it, Arranged and Edited, with Notes, by MAatTtitkw 
ARNOLD. Crown 8vo. 55. 


GOLDEN TREASURY PSALTER-—Students’ Edition, Being 
an Edition of ‘‘The Psalms Chronologically Arranged, by 
Four Friends,” with briefer Notes, 18mo. 35. 64, 











GREEK TESTAMENT. Edited, with Introduction and Appen- 
dices, by CANON Westcott and Dr, F. J. A, Morr. Two 
Vols, Crown 8vo, [Za the press. 


HARDWICK-~-Works by Archdeacon HARDWICK, 

A AISTORY OF THE CHRISTIAN CHURCH. 
Middle Age. From Gregory the Great to the Excommuni- 
cation of Luther. Edited by WiLLiam Stusrs, M.A., Regius 
Professor of Modern History in the University of Oxford. 
With Four Maps constructed for this work by A, Kurru JOHN: 
STON. Fourth Edition. Crown 8vo, tos, 6. 

A HISTORY OF THE CHRISTIAN CHURCH DURING 
THE REFORMATION. Fourth Edition. Edited by Pro- 
fessor Stuges, Crown 8vo, tos. 6d. ' 


KING~CHURCH HISTORY OF IRELAND, By the Rev. 

Ropert Kinc. New Edition. 2 yols, Crown 8vo. 

[Jn preparation, 

MACLBAR— Works by the Rev. G. F. Macutar, D.D., Head 
\ Master of King’s College School. 

A CLASS-BOOK OF OLD TESTAMENT HSISTORY. 

New Edition, with Four Maps. r18mo. 45. 64, 

A CLASS-BOOK OF NEW TESTAMENT HISTORY, 


including the Connection of the Old and New Testament. 
‘With Fout Maps. New Edition, 18mo. &s, 6a, 


: Y iy fogs : 
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MARLBAR Continned— ae ie wee 

. A SAILLING BOOK OF OLD  TESTAMEN? 

HISTORY, for National and ‘Elementary —— oe 
Map. 18mo. cloth. New Edition. 


A SHILLING BOOK OF NEW TESTAMENT 
HISTORY, for National and Elementary Schools. With 
Map, 18mo. cloth. New Edition. 


These works have been carteally abridged from the mithor’s 
larger manuals, 


CLASS-BOOK OF THE _ cA TECHISM OF THE 
CHURCH OF ENGLAND’: New Edition, 18mo. cloth. 
Is, 6d. ‘ aa 


A FIRST CLASS-BOOK OF THE CATECHISM OF 
° THE CHURCH OF ENGLAND, with Scripture Proofs, 
for Junior Classes and Schools. 18mo. 6d, New Edition, ‘ 


A MANUAL OF INSTRUCTION FOR CONFIRMA. 
TION AND FIRST COMMUNION. WITH PRAYERS 
AND DEVOTIONS, 32mo. cloth extra, red edges. 2s 


MCLELLAN—-THE NEW TESTAMENT. A New ianis 
lation on the Basis of the Authorised Version, from a Critically 
revised Greek Text, with Analyses, copious References, and 
Iiiustrations from original authorities, New -Chronological 
and Analytical iarmony of the Four Gospels, Notes and Dis- 
sertations. A contribution to Christian'Evidence. By JOHN 
BROWN M‘CLELLAN, M.A., late Fellow of Trinity College, 
Cambridge. In Two Vols. Vol. J.—The Four Gospels with 
the Chronological and Analytical Harmony, 8vo. ‘Jos. 
* \4¢Qne of the most remarkable productions of recént times, "'s anys the 
Brith Carin Review tras a thamnrs of Sand arate 
saURIOE—7HE zoRDS PRA VER, THE CREED, ‘AND 
THE COMMANDMENTS. Maseel for Parént¢anil Sthool- 
masters. ‘To which is added the Order of the Scriptures. ‘By the 
Rev. .¥. Denison: Mavaics, M.A.: 18mo. cloth. Sinn’: . rs 
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errr HISTORY OF THE BOOK OF COMMON 
' PRAYER, with « Rationale of its Offices, By Francis 
vy - Paoctza, MA. . Thirteenth Edition, revised and enlarged. 
Crown 8vo, 105. 6d, | 


R AND MAGLEAR—ANV ELEMBN TARY INT: RO. 
DUCTION TO THE BOOK OF COMMON PRAYER. 
Re-arranged wid supplemented by an Explanation of the 
Morning and Evening Prayer and the Litany. By the 

| Rev. F. Procrer and the Rev. Dr. Macrear. New 
and Enlarged Edition, containing the Communion Service and 
the Confirmation and Baptismal Offices, 18mo. 2s, 6d. 


PRALMS OF DAVID CHRONOLOGICALLY ARRANGED. 
By Four Priends. An Amended Version, with Historical 
Introduction and Explanatory Notes. Second and Cheaper 
Edition, with Additions and Corrections. Cr. 8vo, 8s. 6d, 
; e”. 

RAMBAY—T7HE CA TECHISER'S MANUAL ; or, the Church 
Catechism Illustrated and Explained, for the Use of Clergy- 
mien, Schoolmasters, and Teachers. By the Rev. ARTHUR 
Ramsay, M.A, New Edition, 18mo. 1s. 6¢, 


SIMPSON—AN EPITOME OF THE HISTORY OF THE 
CHRISTIAN CHURCH. = Wituam Smumpson, M.A. 
New Edition, Feap. 8vo. 3s, 64. 


TRENGH—By R C. TRENCH, D.D., Archbishop of Dublin. 
LECTURES ON MEDIEVAL CHURCH - MISTORY. 
Being the substance of Lectures delivered . a s College, 

' Landon. : Second Edition, revised, 8vo. 


ie SYNONYHS OF THE NEW pees ene Highth 
Edition, ‘revised. Svo. 12s. 


wasroorr—Works by BROOKE eats Westcort, PDs Canon 
of Peterborough, 


A GENERAL SURVEY or THE HISTORY OF THE 

CANON OF THE NEW TESTAMENT DURING THE 

. RERST FOUR CHENYURIBS, Fourth Edition, os 
» jPrefane on“ Sapernatural Religion.” Crown ‘Bro, 101. 6d, 

.. SENTRODUCTION. T0 THE STUDY OF 7h ‘FOUR 
', GOSPELS, Fifth Edition. Crown 8vo. 305, Gd. 
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WRETCOTT. Continned— : | 
. YER BIBER IN THE CHURCH, A Ride be 
‘of the Collection and Reception’ of the Holy Sctiptares in 
the Christian Churches. New Edition. rine, ‘eloth. 
4s. Gd, 


THE GOSPEL OF THE RESURRECTION. ‘Thoughts 
on its Relation to Reason and Histoty. New ‘Edition. 


WIL8ON—T7HE BIBLE STUDENT'S GUIDE to the more 
Correct Understanding of the English Translation of the Old 
Testament, by reference to the original Hebrew. By Witri1am 
Witson, D.D., Canon of Winthester, late Fellow of ‘Queen’ 8 
College, Oxford. Second dition, carefully revisdds - gto. 
cloth. 255. | 


YONGE (CHARLOTTE ma. \ SCRIPTURE READINGS FOR 
SCHOOLS AND FAMILIES. By CHARLOTTE: M, Youce, 
Author ‘of “The Heir of Redclyffe.”: | 
First Srries. GENESIS TO baa ideas Globe 8vo. 

_ 1s. 62. With Comments, 35. 64. 


SECOND Serres. From Teac. to SoLomon, Extra feap. 
Svo, 1s. 6¢, With Comments, 3s. 6d, 

 ‘Turrp Serizs, The Kines and the Proruers, Extra feap. 
8vo. 1s. Gd. With Comments, 35. 62. | 
FourtH Sxzrigs. The Gospet TIMEs,.. 1s. 6d, me 
Comments, extra feap. 8vo., 3s. 62,, 
Firtu Seriss. AposToiic Tras, Extra feap. Byo, 35, 6d. 
bah Comments, 3}. 6d. i 


MISCE LLANEOU Ss. 


Including ves on English, French, end German Language and 
_ Literatuve, Art Hand-beoks, t., &t. 


ABBOTT—A SHAKESPEARIAW GRAMMAR, AY Attempt 
to illustrate some of the Differences between Elizabethan ‘and 
Modern English, By the Rev. KE, A. Asport, D.D., tend 
Master of the City Sia School. New Edition, “Extra 
fcap, 8yo. 63. 
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ANDERSON — LINEAR PERSPECTIVE, AND MODEL 
DRAWING. A School and Art Class Maqual, with Questions 
and Exercises for Examination, atid Examples of Examination 
Papers. By Latgence ANDERSON. ‘With IHustrations, 
Royal 8vo. 25. 

BAREER—ZJRST LESSONS IN THE PRINCIPLES OF 
CQOKING. By Lapy Barxer. New Edition. 18mo. 15. 

BEAUMARCHAIS—LE BARBIER DE SEVILLE. Edited, 
with Introduction and Notes, by L. P. Broverr, Assistant 
Master in St. Paul’s School. Feap.8vo. 35. 6d, 

BERNERS—/VRST LESSONS ON HEALTH, By J. Ber- 
ners. New Edition. rZmo. Is, 

BLARISTON—7AHE TEACHER. MUints on School Manage- 
ment, A Handbook for Managers, Teachers’ Assistants, and 
Pupil Teachers, By J. R. BLAKISTON, M.A. Crown 8vo. 
2s, 6d. « 


“Into a comparatively pe tl book he has crowded a great deal of ex- 

raters? useful and sound advice. It is a plan, commonsense book, 

1 of hints to the teacher on the management of his school and his 
ren.—-ScHoon Boanp CHROMICLE, 


BREYMANN-—Works by HERMANN BreyMann, Ph.D., Pro- 

fessor of Philology in the University of Munich. 
A FRENCH GRAMMAR BASED ON PHILOLOGICAL 
PRINCIPLES, Second Edition, Extra feap. 8vo, 4s. 6d. 
FIRST FRENCH EXERCISE BOOK. Extra feap. 8vo. 
45. 6a, 
SECOND FRENCH EXERCISE BOOK, Extra feap. 8vo. 
2s. 6d, 

GCALDERWOOD-—HANDBOOK OF MORAL PHILOSOPHY. 
Ry the Rev. Henry Catperwoon, LL.D., Professor at 
Moral Philosophy, University of Edinburgh, Fifth Edition. 
Crown 8vo. 6s. 

DBLAMOTTE—4A BEGINNER'S DRAWING BOOK. By 
P. Hi. Decamorrs, F.S.A. Progressively arranged. New 
Edition improved. Crown 8vo, 35, 6d. 

ENGLISH WRITERG—Edited by JoHn RicHarp es 
Feap. 8vo. Price ts, 6d. each. 


MILTON, By the Rev. Sroprorp A, BRooxs, 
Others to follow. 
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PAWORTT—ZALES IN POLITICAL ECONOMY, By 
Miuzicenr Garrert Fawcett, Globe 8vo. 33, 


FEREARON-—SCHOOL INSPECTION, By D. R. Feakon, 
M.A,, Assistant Commissioner of Endowed Schools. Third 
Edition. Crown 8vo. 2s. 62. , 


GLADSTONE-—-SPELLIING REFORM FROM AN &DU- 
CATIONAL POINT OF VIEW, BJ. Il. GLansrong, 
PhH.D., F.R.S., Member for the School Board for London, 
New Edition. Crown 8vo. 15. 6d. 


GOLpsMITH—T7HE TRAVELLER, or a Prospect of Society ; 
and THE DESERTED VILLAGE. By OLiver Goin- 
SMITH, With Notes Philological and Explanatory, by J. W. 
Hates, M.A, Crown 8vo, 64, 


GREBN—READINGS FROM ENGLISH HISTORY. Se- 
lected and Fdited Ly Joun Ricuarp Green, M.A., LL.D., 
Honorary Fellow of Jesus College, Oxford. Three Parts. 
Globe 8vo. 15s. 6d. ench, I. Hengist to Cressy. II, Cressy 
to Cromwell, III, Cromwell to Balaklava, 

HALES-—-LONGER ENGLISH POEMS, with Notes, Philo- 
logical and Explanatory, and an Introduction on the Teaching 
of English. Chiefly for Use in Schools. Edited by J. W. 
IZALES, M.A, Professor of English Literature at King’s 
College, London, &e. &c, New Edition, Extra feap. 8vo, 
4s. 6a, 

HOLE—A GENEALOGICAL STEMMA OF THE KINGS 
OF ENGLAND AND FRANCE, By the Rev. C, Hotz. 
On Sheet, 15, 


JOHNBON’S LIVES OF THE POETS, The Six Chief Lives 
(Milton, Dryden, Swift, Addison, Pope, Gray), with Macaulay’s 
“Life of Johnson.” Edited with Preface by Matrnrw 
ARNOLD, Crown 8vo. 65. 


LITERATURE PRIMERS— Edited by Jonn RicHarp GREEN, 
Author of ‘‘A Short History of the English People.” 


ENGLISH GRAMMAR, By the Rev. R. Morris, LL.D., 
sometime President of the Philological Society. 48mo. 
cloth. Is, 
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LITHRATURE PRIMERS ConNnned— 
ENGLISH GRAMMAR EXERCISES. By R. Monrzis, 
LL.D., and H. ©. Bowen, M.A, 18mo, ts. 


THE CHILDREN'S TREASURY OF LYRICAL 
POETRY, Selected and arranged with Notes by FRancis 
TURNER PaLGRave. In Two Parts. 18mo. 15. each. 


e 
ENGLISH LITERATURE, By the Rev. Storrorp 
BrooxE, M.A, New Edition, 18mo, 12, 


PHILOLOGY. By J, Perrz, M.A, 18mo. ts. 
GREEK LITERATURG, By Professor Jess, M.A. 18xmeo. 1s. 
SHAKSPERE, By Professor DowpEn. 18mo, ts. 


HOMER, By the Right Hon. W. E. Guapstonz, M.P, 
r8mo, 1s. 


ENGLISH COMPOSITION. By Professor Nicuo.. 18mo, 
15% : 
In preparation :—~ 

LATIN LITERATURE, By Professor SEE.xy. 


* AISTORY OF THE ENGLISH LANGUAGE, By 
J. A. H. Murray, LL.D. 


MACMILLAN’ S COrY-BOOKs—~ 
Published in two sizes, viz, :— 
t, Large Post 4to. Price 4a, each, 
2. Pest Oblong. Price 2a. each, 


“1, 4NITTATORY EXERCISES & SHORT LETTERS, 
*2. WORDS CONSISTING OF SHORT LETTERS. 


“3. LONG LETTERS, With words containing Long 
Letters—-Figures, 
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MACMILLAN'S COPY-BOOKS Continued— 
"4. WORDS CONTAINING LONG LETTERS. 


4a. PRACTISING AND REVISING COPY.BOOR, For 
Nos. 1 to 4, 


*3. CAPITALS AND SHORT. HALF- TEXT, Words 
beginning with a Capital. 


*6. HALF-TEXT WORDS, beginning with a Capital— 
Figures, 

*7, SMALL-HAND AND RALF-TEXT, With Capitals 
and Figures. 


*8. SUALL-HAND AND HALF-TEXT., With Capitals 
and Figures, 


8a, PRACTISING AND REVISING COPY-BOOK. For 
Nos, § to 8, 


*9, SMALL-HAND SINGLE HEADLINES—Figares. 
10. SMALL-HAND SINGLE HEADLINES—F¥igures. 
*t1, SMALL-HAND DOUBLE HEADLINES—Figures. 


12, COMMERCIAL’ AND ARITHMETICAL EX: 
AMPLES, &%, 


12a, PRACTISING AND REVISING COPY-BOOK, For 
Nos, § to 12. 


4 


' These numbers may be had with Goodman's Patent Sliding 
Copies. Large Post 4to. Price 6d, each. 


4 


& 
By a simple device the copies, which are printed upon separate 
slips, are arranged with a movable attachment, by which they 
are adjusted so as to be directly before the eye of the pupil at 
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MACMILLAN’S OOPY-BOOKS Continued— 

all points of his progress. It enables him, also, to keep his 
own ‘faults concealed, with perfect models cohstantly in view 
for imitation. Every experienced teacher knows the advantage 
of the slip copy, but its practical application has never before 
been successfully accomplished. ‘This feature is secured ex- 
clusively to Macmillan’s Copy-books under Goodman’s patent. 

An inspectionef bouks written on the old plan, with copies 
at the head of the paye, will show that the lines last written at 
the bottom are,almost invariably the poorest. The copy has 
been too far from the pupil’s eye to be of any practical use, 
and a repetition and exaggeration of his errors have been the 


result, 


MACMILLAN’S PROGRESSIVE FRENCH couRsr— By 
G. EuGENE-FASNACHT, Senior Master of Modern Languages, 
Iarpur Foundation Modern School, Bedford. 

I,—-First YEAR, containing Easy Lessons on the Regular Ac- 
cidence. Extra feap, 8vo. 15. 

II.—-SEconD YEAR, containing Conversational Lessons on 
Systematic Accidence and Elementary Syntax. ‘With Philo- 
logical IiJustrations and Etymological Vocabulary, rs. 6d, 


MACMILLAN'S PROGRESSIVE GERMAN Ccounsn—Dy 
G. EvGENE FASNACHT. 
Part 1.—First Year. Easy Lessons and Rules on the Regular 
Accidence. Extra feap. 8vo. 15.60. | 
Part I1.—Szcowp Yar. Conversational Lessons in Sys- 
tematic Accidence and Elementary Syntax. With Pbilological 
Illustrations and Etymological Vocabulary. Extra feap. 
8vo. 25 


MARTIN — 7HE POHT’S HOUR: Poetry selected and 
arranged for Children. By Frances Martin, Third 


Edition. 18mo. 25, 6d. 


SPRING-TIME WITH THE POETS: Poetry selected by 
Frances Martin, Second Edition, 18mo. 35. 6¢, 
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MABBON (QUSTAVE)—A COMPENDIOUS DICTIONARY. 


OF THE FRENCH LANGUAGE (French-English and 
English-French). Followed by a List of. the Principal Di- 
verging -Derivations,. and preceded by Chronological and 
Historical Tables, By Gustavx Masson, Assistant-Master 
and Librarian, Harrow School. Fourth Edition, Crown 8vo, 
. half-bound. 6s. 


, 1 4 . ® 
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all points of his progress. - It enables him, also, | to keep ‘his 


_ , Own faite ‘concealed, “with ' perfect models cohstantly i in view 
- for imitation. Every experienced teacher knows the advantage 


of the slip copy, but its practical application has never before 
been successfully accomplished. This feature is secured ex- 


. ¢lusively to Macmillan’s Copy-books under Goodman’s patent. 


An inspectionsf books written on the old plan, with copies 
at the head of the page,will show that the lines last written at 


ithe bottom are almost invariably the poorest. The copy has 


been too far from the pupil’s eye to be of any practical use, 
and a repetition and exaggeration of his errors have been the 
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AN ILLUSTRATED FOURNAL OF SCIENCE, 


NATURE expounds in a popular and yet authentic: 
manner, the GRAND RESULTS OF SCIENTIFIC ResEaRcn, 
discussing the most recent scientific discoveries, and 
pointing out the bearing of*Science upon civilisation 
and progress, and its claims to a more general recog- 
nition, as well as to a higher place in the educational 
system of the country. 

It contains original articles on all subjects within the 
domain of Science; Reviews setting forth the nature and 
value of recent Scientific Works; - Correspondence 
Columns, forming a medium of Scientific discussion and 
of intercommunication among the most distinguished 
men of Science ; Serial Columns, giving the gist of the 
most important papers appearing in Scientific Journals, 
both Home and Foreign; Transactions of the prir- 
cipal Scientific Societies and Academies of the World, 
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In Schools where Science is included in the regular 
course of studies, this paper will be most acceptable, as 
it tells what is doing in Science all over the world, is 
popular without lowering the standard of Science, and by 
it a vast amount of information is brought within a small 
compass, and students are directed to the best sources 
Hor what they need. The various questions connected 
with Science teaching in schools are also fully discussed, 
and the best methods of teaching are indicated. 


